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Following the work of P. H. Rolfs (15) the diseases of various 
citrus species and varieties known as wither tip or anthracnose, to- 
gether with various fruit spottings, have been attributed to a well 
known and widely distributed fungus, Colletotrichum gloeosporiotdes 
Penzig. 

In late years with the increased interest displayed in the citrus in- 
dustry in California, a more critical and exact study has been made 
of these diseases which affect the various citrus species. A trouble 
resembling that known as wither tip in Florida was found to occur 
quite generally in some years and apparently to do considerable dam- 
age. The common C. gloeosporioides was found in abundance in con- 
nection with the disease, and the conclusion was immediately drawn 
upon superficial examination that the trouble was due to this fungus. 
But the evidence was regarded as insufficient, and in order to obtain 
an accurate working basis the disease was investigated at the Southern 
California Pathological Laboratory at Whittier, Calif. C. O. Smith 
failed entirely in many attempts to obtain artificial infection. C. N. 
Jensen was then engaged to study the problem, and he likewise was. 
unable to make any successful inoculations with the fungus. These 
investigations led R. E. Smith (40) to declare that the common 
wither tip fungus was absolutely not a parasite on healthy citrus. 
trees in California. 

This work recalled the fact that previously McAlpine (10) had re- 
ported the fungus in question from Australia as a simple saprophyte, 
and that Mel T. Cook (20) from Cuba had intimated that two fungi 
might be concerned in the trouble. A translation of Cook’s state- 
ment is as follows: ‘‘ Old leaves of orange and grapefruit are frequent- 
ly found with pale spots 1 cm. or more in width in which there is an 
abundance of spores similar to those which were found on the withered 
leaves of the lime ; but the results up to the present time indicate that 
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the fungus which has been grown in pure cultures proceeding from 
these large spots on the leaves is not the same as that which we ob- 
tained from the withered leaves of the lime.’’ 

W. T. Horne, who had worked upon this disease with Mel T. Cook 
in Cuba, called the writer’s attention to these earlier results, and 
suggested that therein lay the key to the situation. There was no 
question that the virulent wither tip of the lime was due to an active- 
ly parasitic fungus ; but the less virulent troubles occurring on the 
orange and pomelo were apparently, if we were to follow the careful 
work done at the Whittier laboratory, not primarily due to any fungus 
attack. The results of the work reported herewith have proven the 
correctness of the view that two fungi are concerned in the wither 
tip troubles. The evidence may be grouped under three main 
divisions, that afforded by the artificial infection experiments, the 
cultural differences, and the morphological differences. 


INOCULATION EXPERIMENTS 


The inoculation experiments, with the exception of the first three, 
were carried out in a heated greenhouse. All necessary precautions 
were taken to guard against any accidental infections which might 
throw doubt on the results obtained. Small seedling potted trees 
were used in these experiments except in the case of the tangerines 
and lemons which were budded trees. In the first experiment the 
plants were simply covered with a bell-jar and atomized with water 
daily for a week but this method did not keep the humidity of the 
atmosphere in the bell-jar up to the point of saturation as was desired. 
Accordingly, in subsequent experiments the pots were set in moist 
sand beds and the jars allowed to rest on the moist sand. In this way 
it was found possible to keep the atmosphere under the bell-jar practi- 
cally saturated throughout the experiment, thus furnishing the best 
possible conditions for infection. Inoculation was either effected by 
atomizing with a spore suspension of the fungus or by painting on 
such a suspension with a camel’s hair brush. In the former case the 
plants were atomized with water daily in order to keep the foliage 
moist, in the latter case they were atomized as often as was thought 
necessary. Painting the spore suspension on with a camel’s hair 
brush was preferred, since it was found easier to approximate natural 
conditions of infection in this way and to prevent the fungus escap- 
ing control. 

The results of these experiments are assembled in the accompany- 
ing tables and very little explanation is necessary in connection with 
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them. It will be seen that in cases where material from Florida or 
California was used, or when strains originating from such material 
were used, the results were uniformily negative. From the California 
standpoint this would be the expected result, if we are to judge from 
results reported from the Whittier Laboratory. In Florida, however, 
a virulent form of wither tip undoubtedly does occur on the lime ; 
but, although such material was requested from several parties none was 
received. The Cuban strains which originated from lime material 
gave uniformly positive results on the lime, and in one instance an 
unmistakable infection on the lemon. The exception to these uni- 
formily positive results was afforded by Experiment XXVI. The 
explanation here seems to be fairly simple. An examination of the 
drops of moisture on the leaves after seven days showed that very 
few of the spores had germinated, and these sent out very weak germ 
tubes. The heat had been shut off from the greenhouse at this time 
and cold damp weather prevailed during the time of the experiment. 
Unfortunately, time did not permit of accurate determination of the 
relation of germination to temperature, consequently this point must 
remain in doubt. The repetition of thisexperiment under more favor- 
able conditions, reported as Experiment XXVII, gave the usual 
positive results. 

The control plants in all cases were free from infection. 

The extent of parasitism on the lemon was not fully demonstrated 


in the experiments, but the parasitism in the one positive case was: 


unmistakable. The lemons used were rather large budded trees, too 
large in fact to use satisfactorily with the facilities at hand ; and this, 
coupled with the difficulty of obtaining exactly the right kind of 
tender young growth at just the time it was needed, could very easily 
account for the negative results recorded in Experiment XV and on 
the one lemon tree in Experiment XXVII. If conditions are in 
every way favorable, the virulent fungus will undoubtedly be found 
capable of active parasitism on the lemon. 

This brings to mind the interesting fact of the close relation botani- 
cally of the host plants, a relation that has been called to mind in the 
title of this paper. According to Webber (43) the sweet lime, the 
sour lime, and the lemon are to be regarded as forms or varieties of 
one species, Cztrus medica 

Wither Tip of the Lime. The lesions caused by this pathogenic 
fungus closely follow the descriptions given by Rolfs (15) and Mel 
T. Cook (20) on the lime. With the plants in moist chambers in- 
fection is first indicated by a dark water-soaked appearance of the 
affected part of the leaf. Under very moist conditions a very sparse 
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white mycelium may appear on the surface of the affected portion. 
The spot then enlarges rapidly, the leaf retaining the water-soaked 
appearance until it is practically entirely destroyed, and then wither- 
ing away. This is the case when the atmosphere is practically 
saturated. 

Under ordinary moisture conditions the spot enlarges very slowly. 
The water-soaked appearance gives way to a bay color, which fades 
thru Saccardo’s dark and light brick-color until in mature spots only 
a very faint honey-color remains. A dark brick-colored border often,,. 


but not always, persists. The acervuli appear at about the time the- 


the water-soaked appearance begins to fade. They are at first very 
distinct bright flesh-colored points, which deepen in color as the spot 
becomes older, until finally they take on a rusty-brown color. 
They never become black, and they are most abundant on the upper 
surface of the spot. 

Infection in the inoculation experiments usually took place along 
the margin of the leaf, which further accords with the report of Rolfs. 
concerning wither tip of the lime. Under especially favorable con- 
ditions, however, infection may occur at any place on the leaf. Such 
internal infections, under ordinary conditions of humidity of the at- 
mosphere, commonly develop very slowly, and the dried ashen portion 
often cracks, thus giving the leaf the appearance of having been torn 
by thorns. This effect is enhanced by the curled and distorted ap- 
pearance of affected leaves. In our work infections developed only 
on the very young tender leaves, the older leaves apparently not being 
susceptible to attack, 

Infection sometimes occurs on a tender stem. In such cases the in- 
fection may take place at a particular point on the stem, say two or 
three inches from the terminal bud, and completely cut off the shoot 
at that point causing the part beyond to fall over limply, wither, and 
die. Rolfs has described an anthracnose of the lime which in every 
way agrees with the stem infection that has occasionally developed 
in the inoculation work. 

Under favorable conditions the infections are first plainly apparent 
in from four to seven days after inoculation. The acervuli appear 
about two days later than this. Infection always follows promptly 
after inoculation, and practically no laggard infections develop after 
the first week. Experiments during cooler weather, however, some- 
times take longer. In Experiment XIII, for example, the infections 
had not developed to any extent until the eleventh day after inocula- 
tion. 

It was impossible with the material at hand to investigate such 
phases of the problem as bloom dropping, fruit canker, scab or 
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verrucosis, or the role which the fungus might play in the various 
ripe rots of citrus fruits. Wither tip infections of young lime fruits 
are, however, very probably caused by this fungus. The observation 
of Cook and Horne (23) that infection of sour lime did not take place 
after the fruits were well set or after the leaves and twigs had 
hardened somewhat is in accordance with the observations we have 
made in the inoculation work and, therefore, in a measure supports 
this opinion. It is our opinion, however, that such ripe rots as are 
caused by a fungus of this type are due to the common wither tip 
fungus. This opinion is based on the indications of an unfavorable 
effect of lower temperatures on the development of the virulent fungus 
as shown in Experiment XXVI. 


CULTURE STUDIES 


In the culture work the usual methods were employed. In all 
cases strains were established by isolating a single spore in a hanging 
drop and carefully watching its germination and subsequent develop- 
ment. The strains were grown in triplicate and the results con- 
firmed by growing different strains of the same fungi on the same 
media. Only macroscopic characteristics of growth were noted. 
Cultures were kept at laboratory temperature, varying from 10 to 20 
degrees Centigrade, usually, however, about 15 degrees. Growth 
was studied on dextrose-peptone agar, steamed rice, prune juice and 
bread, steamed citrus leaves, bean pods in tubes, and potato plugs. 

On Agar. Dextrose-peptone agar made up according to the follow- 
ing formula was used : 


The medium was not titrated. About rocc. of this medium was 
poured into a 10 cm petri dish and a piece of a pure culture planted 
in the center. 

The common wither tip fungus forms at first a fluffy colony of 
white mycelium faintly tinged with pink. There is an indistinct ra- 
dial and zonal distribution of growth. Within a week the sporodochia 
begin to appear. These are small and black and soon send out salmon- 
colored masses of spores. ‘These sporodochia may be distributed more 
or less concentrically but this is usually not noticeable on an old plate. 
Growth is at the rate of about 2 cm. a week. 
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The virulent fungus grows somewhat less than half as fast and 
after the first week develops no new characteristics so far as have 
been observed. When the colony is about 1 cm. across—five to seven 
days after planting—the central 4 mm. is practically a confluent mass 
of spores, and surrounding thisisa rather scanty pink-tinged mycelium. 
Subsequently, as the fungus grows, this mass of spores extends up to 
within 3 or 4 mm. of the edge. With age the edge of the colony may 
become somewhat crenated. No black sporodochia or other structures 
have been observed even in old plates. A very characteristic feature, 
but rather difficult of description, is the tufted appearance of the 
surface of the colonies. 

On Steamed Rice. ‘Ten grams of rice were steamed up with 5occ. 
distilled water in a 200cc. Erlenmeyer flask. This furnished a very 
clean desirable medium, especially for the development of color 
characteristics, and on this medium the differences between the two 
fungi were most marked. 

The growth of the common wither tip fungus has been found to be 
somewhat more variable than that of the virulent fungus, depending 
upon the age of the strain as well as upon individual differences be- 
tween strains. Typically, minute scattered sporodochia first appear in 
the fluffy white mycelium, and these soon become so abundant as to 
give the colony a black appearance. Soon, however, a white super- 
ficial mycelium develops which later becomes appressed and thickly 
matted, effectually masking the black pellicle. A culture one month 
old will have a fungus growth over the entire surface of the medium. 
There will be a black pellicle underlying the whole colony and push- 
ing thru in irregular areas at the bottom of the flask. The colony 
will have a black appearance up to within 0.5 cm. of the side of the 
flask, where there will be a narrow zone in which the pellicle has not 
yet turned black, but is stained a bright flesh-color, practically the 
same color that is so conspicuous in the case of the virulent fungus. 
In this narrow zone there will be scattered black sporodochia, some of 
them nearly 1mm. across. Overlying the black pellicle is a fairly 
heavy white or gravish entangled growth of mycelium. This is not 
at all appressed and is not produced uniformly over the whole surface, 
but in such a way as to give the colony a netted appearance. Origi- 
nating from the pellicle are numerous flesh-colored spore masses 
about 1 cm. across which show thru the spaces in the superficial growth 
of mycelium. There is no staining of the medium up to this time. 

At three months the surface will have become appressed and thickly 
matted masking the black pellicle. The irregular projections of the 
pellicle at the bottom of the flask will be more numerous. Around 
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the edge of the colony the previous description will still hold, although 
the color production will be much less marked. The greatest change 
is in the medium, which will have a dirty water-soaked appearance 
and will be in process of slow liquefaction. 

Colonies four months old will have changed very little. The lique- 
faction and shrinking in volume of the medium will be more marked, 
and the color of the medium will approach Saccardo’s drab, but some- 
what lighter. 

The growth of the virulent fungus is strikingly different. There is 
first produced an inconspicuous white mycelium followed close up to 
the edge of the colony by aconfluent bright flesh-colored layer of 
spores. This growth continues until in about a month the entire sur- 
face of the medium is covered. 

Cultures one month old show the characteristic confluent layer of 
flesh-colored spores covering the entire surface of the medium. At 
this time a superficial mycelium is beginning to develop, but does not 
as yet cover the entire surface. Thus far it is only a scanty surface 
growth, the spore masses beneath it appearing darker than those free 
_from it. There are suggestions of pellicle formation around the edges. 
There is a bright flesh-colored line about 1 mm. broad bounded below 
by a narrow white line. At the bottom of the flask there is just a 
suggestion of color development in the medium, a faint isabel tinge. 

At the end of three months the superficial mycelium has developed 
more abundantly and has become matted and appressed. Extensions 
of the pellicle in irregular areas to the bottom of the flask have devel- 
oped and some of these show a bay-colored line where they meet the 
glass. Others, and those around the edge, are white, faintly tinged 
with pink. The medium at this time has deepened to a light brick 
color. Liquefaction and shrinking begin at this stage. 

A month later the cultures will show only slight changes. The 
former confluent layer of spores will show thru the superficial my- 
celim as light brick to almost bay-colored areas. ‘The medium will be 
stained nearly a bay color, and liquefaction and shrinking will have 
continued along the lines indicated above. 

On Prune-juice and Bread. Enough stale bread was broken up into 
a 200cc. flask to soak up well with s5occ. of prune-juice, made by 
boiling 120 grams of dried prunes in water, and then making the mix- 
ture up to 1 liter and filtering. 

Growth on this medium bears out the general characteristics already 
noted above. The common wither tip fungus first produces a dense 
colony of cottony mycelium. This is soon followed by production of 
a black or greenish-black substratum’ in the center of the colony. The 
white fluffy growth will extend over the entire surface of the medium 
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in three weeks, and at that time a 1.5 cm. zone in the center will show 
this black substratum. In another month the black stromatic pellicle 
will underlie the whole surface of the colony. Masses of salmon- 
colored spores are produced here and there. Ultimately the surface 
growth of mycelium melts down to a wet shiny black crust. 

The virulent fungus grows at about the same rate as the common 
wither tip fungus. At first the colony is much like that produced on 
rice, a layer of spores overlaid with a scanty white mycelium and 
surrounded by a 5 mm. zone of white mycelium. This growth covers 
the surface of the medium in about three weeks, and then a denser 
development of mycelium takes place over the surface until the colony 
asumes a deeply convoluted, matted appearance. The color show- 
ing thru is brown instead of black ; and no black is seen at the edges 
where the colony meets the glass side of the flask. Instead, the 
pellicle is deeper brown in spots at such places. Brick-colored drops 
of liquid are exuded and these melt the surface down to a wet brick- 
colored pellicle with darker dirtv bay-colored areas. The bottom of 
the flask shows a change in the medium at this stage, altho slight. 
It has become somewhat lighter and brighter in color than it was 
originally, as tho some yellow had been splashed thru it. 

On Bean Pods. Canned string beans were thoroly washed and then 
placed in tubes and sterilized. They furnished a very satisfactory 
medium for spore production, and practically all pure culture in- 
oculations were made from bean pod cultures. 

Miss Stoneman (g) has described the growth of Colletotrichum 
glocosporioides on bean pods, and observations made in this work agree 
with those she has noted. Growth at first consists of a fluffy white 
mycelium producing numerous but minute black sporodochia. This 
is followed by production of a black stroma overlaid and obscured by 
the production of a closely matted growthof white mycelium. Masses 
of spores originate from the sporodochia, and are produced in such 
abundance that the salmon-colored confluent spore masses may be 
I cm. or more long. Ultimately, however, the white superficial 
growth of mycelium covers them. At this stage the black stroma 
shows thru wherever the colony touches the glass. 

The growth of the virulent fungus does not differ from that already 
noted for other media. A fluffy colony of whitish mycelium is first 
produced, followed by the production of a confluent mass of spores at 
the middle. As growth proceeds this mass of spores follows up within 
about 7 mm. of the edge of the colony until ultimately the entire 
surface of the culture is covered with the flesh-colored mass of spores. 
After this very little change takes place. A scanty white superficial 
mycelium may be produced, but more often the colony merely becomes 
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slightly darker with age until finally it dries up. No black stroma is 
produced. 

On Citrus Leaves. Citrus leaves, mostly pomelo, were steam steri- 
lized with water in a 500cc. flask. This medium brought out very 
few characteristics of any importance and was rather unsatisfactory 
in general. The common wither tip fungus produced acervuli show- 
ing the characteristic dark color and characters of C. gloeosporioides. 
The virulent fungus produced acervuli which were lighter in color 
than those of the common wither tip fungus and had no suggestion of 
the black stroma produced in that fungus. ‘These differences are de- 
scribed subsequently with the morphological characters. No indica- 
tions of a perfect stage were discovered. Following the development 
of the acervuli a superficial mycelium is produced which forms a silvery- 
gray appressed covering over the entire leaf surfaces. Black sporo- 
dochia are then formed beneath this mycelium and push up thru it, 
forming ultimately a black roughened crust over the surfaces of the 
leaves. At the end of one year in large Mason jar cultures this stage 
had not yet reached completion. No cultures of the virulent fungus 
old enough to show any further stages of development than the acer- 
vuli were at hand. 

On Potato Plugs. Potatoes were steamed, then cut into strips, and 
steam sterilized in tubes. This medium proved exceedingly unsatis- 
factory from the standpoint of growth for both fungi. After two 
weeks the wither tip fungus had produced a colony 3 cm. long ; 
the virulent fungus, one about half as long. At the end of two 
months growth in either case did not exceed 4 or 5cm. As in other 
cultures the wither tip fungus developed a black stroma; the patho- 
genic organism did not. However, the distinction was not so evident 
on account of a dark staining of the medium in the case of both fungi. 
At the end of two months the colonies looked almost alike superficial- 
ly, a closely compacted white growth with a slightly rosy tint. 

It will be readily seen from these descriptions that there is only a 
general similarity in growth of the fungi, and that the differences 
are sufficient to distinguish them by culture characteristics alone. 
Steamed rice has proved an especially desirablé and easily prepared 
medium, and the absolute difference in behavior of the two fungi on 
this medium is evidence enough of their distinctness. Disregarding 
minor differences which have been noted thruout the study, there is 
one distinguishing feature which stands out clearly on all media on 
which the fungi have been studied, namely, the virulent fungus has 
never been found to develop a black stroma or pellicle as the common 
wither tip fungus does. 
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MORPHOLOGICAL STUDIES 


The morphological differences between the two fungi have proven 
no less marked than the parasitic and cultural differences. The fun- 
gus which has given uniformly negative results in our work has been 
found. to agree with the description of C. gloeosporiotdes. ‘This is in 
accordance with the judgment of Woods, Rolfs, R. E. Smith (40), 
Essig (37), and others regarding the identity of the fungus found in 
California and is in opposition to the view of Mel T. Cook (20) that 
virulent wither tip of the lime was to be attributed to C. gloeo- 
Sportotdes. 

The virulent fungus has been found to be a Gloeosporium, that is, 
no setae are produced in the acervulus. Miss Stoneman (9) and 
Edgerton (44) have called the value of this distinction into question 
and have presented evidence which indicates that this is a variable 
factor. The acervuli instead of being dark as in the common wither 
tip fungus are at first bright flesh-colored and become only slightly 
darker with age. On ashened portions of the leaf the common wither 
tip fungus produces black acervuli. This color is due to the sooty 
setae and to the dark stroma making up the base of the acervulus. 
These characters develop typically on dead ashened portions of lime 
leaves. Under identical conditions the pathogenic organism produces 
bright flesh-colored acervuli even when the ashened portion of the leaf 
is so dry as to be brittle. 

The basidia of the two fungi correspond very well in measurements 
and in form, altho in exceptional cases a length as great as 50 has 
been observed for conidiophores of the pathogenic organism. The 
conidiophores of the common wither tip fungus are described as pale 
sooty at the base. Those of the pathogenic fungus are hyaline thru- 
out. The conidiophores of the common wither tip fungus arise from 
a well defined black stroma as has been figured by Saccardo, Rolfs 
(15), Miss Stoneman (g), and others. Those of the pathogenic 
organism, on the other hand, arise from a closely interwoven mass of 
hyaline branching hyphae. 

The conidia of the common wither tip fungus have a peculiar very 
characteristic form. Typically one end is rather bluntly rounded, the 
other end is blunt, but more or less obliquely truncate, and there is a 
slight constriction at the middle of the spore. The conidia of the 
pathogenic fungus have one or both ends more or less pointed with 
very little tendency toward constriction at the middle. The spores of 
the common wither tip fungus when taken direct from fresh material 
are stuffed with a coarsely granular plasma, and show a distinct clear 
nucleus at the middle. ‘The spores of the pathogenic organism lack 
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these highly refractive granules, consequently they appear at first sight 
homogeneous. Closer examination, however, discloses the presence 
of a clear nucleus in the middle, but it does not stand out conspicu- 
ously on account of the clear hyaline nature of the rest of the spore 
contents. The measurements of typical spores of the two fungi are 
the same, but those of the pathogenic organism vary much more 
widely from the typical size and form than do those of the common 
wither tip fungus. These differences of the conidia are sufficient to 
enable anyone familiar with the two forms to distinguish them if he 
has absolutely fresh material of both species at his disposal. There 
is, however, a close enough similarity to account for the previous con- 
fusion of the two fungi. 

The color of the acervulus, together with the structural differences 
which it indicates, the absence of setae, and the distinct character of 
the conidia constitute the salient morphological differences between 
the two fungi. This distinction of two fungi as concerned in wither 
tip probably explains the morphological differences which Rolfs (15) 
noted on the lime and lemon. 

It has been found impossible to identify the pathogenic organism 
with any thus far described as occurring on citrus species. The com- 
parison has not been as satisfactory as would be desirable, due in part 
to the inadequateness of many of the descriptions, in part to the fact 
that type material was not available for any comparisons. 

The names of the species of Gloeosporium with which descriptive 
comparisons have been made are given herewith for reference : 

Gl. Hesperidearum Catt., Gl. depressum Penz., Gl. Hendersonii B. 
et Br., Gl. Aurantiorum West., Gl. intermedium Sacc. and var. sub- 
ramulosum Sacc.. Gl. sphaerelloides var. majus Penz., Gl. Citri Cooke 
et Mass., Gl. Spegazzinii Sacc., Gl. citricolum Cooke et Mass., G/. 
hysteriotdes Ell. et Ev., Gl. lenutsporium McAlp., Gl. tntermixtum 
McAlp. Reference was made for the most part to the descriptions as 
given in Saccardo’s Sylloge Fungorum, but in a few cases the origi- 
nal articles were consulted. 

Two of these fungi have thrown us somewhat into doubt, and con- 
sequently their descriptions are given herewith in full for comparison 
with that of the pathogenic fungus with which we are concerned. 

Gloeosporium Hesperidearum Catt. Sacc. F. It. t. 1186. Mic. 
Agrumi. p. 12.—Acervulis gregariis, numerosis, sparsis in vasta 
macula arida foliorum vel in foliis emortuis, erumpentibus ; basidiis 
obsoletis, fasciculatis, cylindricis, continuis, simplicibus, hyalinis vel 
basi dilute fuligineis, 8-12x4-5; conidiis cylindricis, utrinque 
rotundatis, eguttulatis, hyalinis, 14-18 x 5-6.5. 
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Hab. in foliis languidis vel emortuis Citrorum, Messina, Siciliae 
(Borzi), S. Terenzo (Gibelli). 

Gloeosporium Spegazzinii Sacc., Gl. citricolum Speg. F. Puigg. n. 
443 (1889) nec C. et M.—Maculis amphigenis, maximis, indetermina- 
tis, albo-cinerescentibus ; acervulis amphigenis, laxe gergariis, len- 
ticularibus, minutis, 200-300 diam., fuscescentibus ; conidiis cylin- 
draceis, hyalinis, 14-18x6-7, utrinque obtusissime rotundatis ; 
basidiis 20-30 x 5, sursum tenuato-truncatis basi fuscellis. 

Hab. ad folia viva Citri limonum in hortis prope Apiahy Brasiliae. 


ED gD 


FIGURE I. a, spores of Gl. Limetticolum ; 6, spores of C. gloeosporioides ; cto 
z, conidiophores of G/. Limetticolum ; and /, &, germination figures of G/. Limet- 
ticolum, the spore at s. 


The pathogenic species with which we are concerned differs marked- 
ly in some respects from even the two described above. No extended 
discussion of such differences is given here, since it would not be 
based on a comparative morphological study as has been the case in 
our observations of the two fungi considered in detail. The physio- 
logical and morphological differences which have been described seem 
sufficient to distinguish the fungus specifically. Accordingly, the 
name Glocosporium Limetticolum is proposed for it in reference to its 
lime-inhabiting nature, and the following technical diagnosis, based 
on a study of material from plants inoculated with pure cultures of 
the fungus, is given : 


Gloeosporium Limetticolum sp. nov. 


Gl. maculis plurime in marginibus foliorum, junioribus badiis, mox 
latericis, maturitate dilute melleis, sed marginibus maculorum 
adultorum non numquam persistente latericis, magnis, folia juvenia 
aut ramulos deformantibus ; acervulis sparse gregariis, nunc conflu- 
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entibus, primo incarnatis demum ferrugineis, 50-r1oop et ultra in 
diam., maxime epiphyllis ; conidiophoris (basidiis) dense fasciculatis, 
simplicibus, continuis, hyalinis per totam longitudinem, 16-30 x 3-5n, 
e mycelio dense intertexto et adparenter numquam e stromate distincto; 
conidiis acrogenis, oblongo-ellipticis, rectis, ad utram finem plus 
minusve attenuatis, hyalinis, intus homogeneis (1. e., sine guttis aut 
granulis), in magnitudine formaque variabilibus, 12-20 x 3.5-6; im 
medio nutritivo cultum numquam pelliculam stromaticam nigram 
formans. 

Hab. in foliis juvenibus ramulisque Citri medicae var. acidae Hook., 
in insula Cubensi sponte pathogenicum et in caldariis Californicis in 
foliis ramulisque C. medicae varr. acidae Hook, C. limettae Risso, et 
C. limonis L. artificialiter infectis. 

Type material has been deposited in the Herbarium of the Univer- 
sity of California and at Washington, D.C. The report of pathogenic 
properties on the sweet lime, C. medica var. limetta, is according to 
C. O. Smith who is working at Whittier, Calif. with a strain of the 
fungus supplied by the writer. The material from Cuba was on sour 
lime, C. medica var. acida. 


SUMMARY 


An investigation of wither tip diseases indicates that at least two 
fungi are concerned in them, instead of one as has been believed here- 
tofore. 

Colletotrichum gloeosporiotdes gave no positive results of a true wither 
tip nature in the inoculation work. 

Wither tip of the lime was found to be due to a fungus which in 
artificial infection work on those citrus species studied attacked only 
forms and varieties of one species, Crtrus medica. 

The morphological differences which Rolfs noted for C. gloeosport- 
oides on young lime and lemon twigs, foliage, and fruit were probably 
due to the presence of this fungus on such material. 

The fungus was found to be absolutely distinct from C. gloeosport- 
otdes in cultural, morphological, and pathogenic characters, and 
apparently also from any fungus thus far described on any citrus 
species. 

The pathogenic fungus of the lime is given the name, G/loeosporium 
Limetticolum, and a technical diagnosis presented for it. 

It is believed that a tenable explanation has been offered for the 
differences of opinion of various investigators regarding the nature of 
wither tip of citrus species. 

I am especially indebted to Prof. Horne for his unfailing interest in 
this work and for the suggestions which led to the solution of the 
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problem here presented. Prof. Setchell kindly prepared the Latin 
rendition of the technical diagnosis and gave me valuable suggestions 
concerning the description of the fungus. I am indebted to Mr. C. O. 
Smith of the Whittier Laboratory for most of the California material 
used in these investigations and for his kindly interest in the work, 
and to Prof. H. S. Fawcett for the Florida material. Prof. F. S. 
Earle, of Herradura, Senor Patricio P. Cardin, Chief of the Depart- 
ment of Vegetable Pathology, Estacion Experimental Agronomica, 
Santiago de las Vegas, and Mr. H. A. Van Hermann of the Mulgoba 


Nurseries, Santiago de las Vegas, kindly supplied me with the Cuban 
material. 


LABORATORY OF PLANT PATHOLOGY, 
UNIVERSITY OF CALIFORNIA, BERKELEY, CAL. 


INDEX TO LITERATURE 
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2. Penzig, O. Funghiagrumicoli. No. go, p. 66. 1882. 
Saccardo, P. A. Fungi Italici. 1188. 1882. 
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EXPLANATION OF PLATE XXII 


FIGs. 1, 3, 4. Infected leaves and tip from the plant shown in Plate I, fig. 2. 
Photographed two weeks after inoculation. Nearly natural size. 

Fic. 2. Type specimen from an infected plant in Experiment XV. Specimen 
placed in the press forty days after inoculation. 

FIGs. 5, 6, 7. Infected lemon leaves from the lemon tree in Experiment XXVII, 
about fifteen days after inoculation. 

Fics. 8, 9. Agar Petri dish cultures of G/. Limetticolum, The same culture 
photographed with a white and with a black background in order to bring out the 
distinctions more clearly. 

Fics. to, 11. Similar photographs of a parallel culture of C. gloeosporiotdes. 
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PLATE XXI. Wither tip on limes 


Fic. 1. The lime tree from Experiment IV twelve days after inoculation, show- 
ing the characteristic curled and distorted appearance of the leaves of the tips of 
the shoots. 

Fic. 2. The lime tree from Experiment X ten days after inoculation. 
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PLATE XXII. Wither tip disease 
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SPORE GERMINATION AND INFECTION WITH 
PLASMOPARA VITICOLA 


C. T. GREGORY 
(Wi1TH SEVEN FIGURES IN THE TEXT) 
GERMINATION OF THE OOSPORES 


For a considerable time after the discovery of Plasmopara viticola 
in France various workers were continually attempting to germinate 
the oospores but, although numerous theories based on the known 
methods of oospore germination in other Peronosporales were ad- 
vanced, no one was able to accomplish this satisfactorily. 

Millardet ' was of the opinion that the oospores germinate by swarm- 
spores. He based this conclusion on the facts brought out by 
DeBary’s studies on Cystopus’*, namely, that the oospores in members 
of this genus germinate in this manner. 

On the other hand, De Bary’ gives four methods of germination of 
the oospores in the Peronosporales : first by the production of a germ- 
tube which becomes the thallus and which then again produces 
oospores as did the mother plant ; second, by the oospore becoming a 
sporangium, with its entire content breaking up into zoospores, which, 
on germination, produce the thallus on which oospores are eventually 
again borne ; third, by the oospore germinating by either of the two 
preceding methods, according to the conditions ; fourth, by the for- 
mation of a promycelium, which, in turn, produces a few conidia. 

Fréchou’, Ch. Richou and Viala° all claim to have seen the germi- 
nation by zoospores. Fréchou also has seen the oospores produce a 
long voluminous tube which might be interpreted asa conidiophore 
although there were never any conidia produced on it. 

On the contrary, Prillieux ° has only seen and figured the germina- 
tion by means of a long branched tube which had all the appearances 


'Millardet, P. M. A. Sur le rdle des spores d’hiver du mildou (P. viticola de 
By) dans la reinvasion par ce parasite. Mem. Soc. Sci. de Bordeaux. 5: XXIV- 
XXVII._ 1883. 

*de Bary, A. Comparative Morphology and Biology of the Fungi, Mycetozoa 
and Bacteria. pp. 135-136. 1887. [English Edition]. 

S’de Bary, A. Recherches sur le development de quelques champignons para- 
sites. Ann. Sci. Nat. Bot. IV. 20: 567. 1563. 

*Fréchou, M. Sur un nouveau mode de transmission du mildiou de la vigne. 
Compt. Rend. Acad. Sci. (Paris) 100: 396-397. 1885. 

5Viala, P. Les Maladies de la Vigne. 82-105. 1893. [3rd Edition]. 

®Prillieux, Ed. Sur la germination des oospores du Peronospora de la vigne. 
Bul. Soc. Bot. France 30: 228-229. 1883. 
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of a conidiophore but produced no conidia. From this fact and from 
his scepticism as to the ability of swarmspores to be disseminated to 
the leaves of the vine in the spring, he comes to the conclusion that 
the oospores must produce conidia on conidiophores in nature but 
that some favoring condition, possibly the leaf tissue, was lacking in 
his experiments. Previous to this time Cornu‘ had already evolved 
the theory that the oospores produce conidia. His conclusions were 
largely based on his work with the family Saprolegniales, 

Out of this contradictory mass of evidence one might derive the 
the conclusion that the oospores germinate by zoospores most common- 
ly and that conidia are rarely produced, but in the mind of the writer 
it seems that no satisfactory evidence had been presented in proof of 
either view of the matter, and in an effort to obtain some definite 
evidence the following investigation was undertaken. 

During the autumn of rg11 a large number of mildewed leaves were 
collected from both Niagara and Delaware vines, care being taken to 
obtain those having old and extensive dead areas. In this way the 
chances of obtaining oospore material would be greatest, since the 
fungus would have sufficient time to produce them in abundance, 
which might not be the case with small spots of the late infections. 
These leaves were enclosed in a wire-screen case to prevent them from 
blowing about and were placed on the ground to winter over under as 
natural conditions as possible. 


Fic. 1. Mature oospore of Plasmopara viticola 


In February of 1g12 a number of leaves from the case were brought 
to the laboratory and placed in petri dishes on moist sand. In doing 
this the early spring conditions of abundant moisture were imitated, 
so that after a few weeks time the leaves were in a very soft and 
partially rotted condition. In March bits of these rotted leaves were 
examined for oospores. It was merely necessary to tease the leaf 
tissue apart in order to find an abundance of brown oospores lying 
singly, or in groups, in the tissue or free in the water. These brown 
oospores (Fig. 1) have a thick, smooth endosporium overlaid by a 


~TCornu, M. Etude sur les Peronosporées. II. Peronospora des vignes. Paris, 
1882 :1-91. Fils. 1-4. [See Mycol. 3:95.] 
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thinner rough exosporium and lie free in the oogonial cavity. The 
oogonial wall collapses about the oospore in a very wrinkled and ridged 
condition. The bits of leaves and oospores were placed on slides with ~* 
as little water as possible, or on squares of moist blotting paper, so as 
to insure abundant aeration. Over twenty-five preparations were 


Fic. 2. Germination of the oospores of Plasmopara viticola. 


a. With a mature conidium. 4. With animmature one. c. An 


unusnal type of germination. d. Germination of conidium 
shown in a. 


made in this way and kept in moist chambers at about 20°C. From 
time to time examinations were made of the oospores to note any i 
changes which might occur in the contents, or otherwise. i ' 

On March 29 the first germination was observed. On this date a 
few bodies having the exact structure and appearance of the conidia 


| 
il 
} 
| 
| 
| 
4a 
4 
i 
q 
| q 
ig 
a 
> 
BE 
| 
| 
| 
| 
| 
i 


238 PHYTOPATHOLOGY [VoL. 11, NO. 6 


of Plasmopara viticola were found. ‘These conidia were borne aloft on 
stalks or promycelia of varying lengths and could be observed to pro- 
ceed, in nearly every case, from one of the brown oospores (Fig. 2). 
In certain cases it was not possible to see the germinating oospore, 
owing to the thickness of the leaf tissue in which it was imbedded. 
After this date the germinating oospores were found almost daily until 
about April 16. Up till the latter part of May other cases were found 
but no accurate record was kept of their appearance as had been done 
at first. , 

From a small crack in the oospore wall the promycelium grows out 
through the oogonial wall and at its extremity there is produced an 
ovate conidium which is cut off by aseptum (Fig. 2a). The conidium 
has at the distal end the thin-walled projection or papilla characteristic 
of the conidia of Plasmopara viticola. In size these conidia vary from 
31 to 47 wlong by 27 » wide. While the average summer conidia are 
a little smaller in size there are, nevertheless, certain ones of them 
which are quite as large as those produced from the oospores. Usually 
there is only one promycelium, with its accompanying conidium, from 
an oospore but occasionally two may be produced. In this case the 
conidia are smaller than when produced singly. It seems certain that 
the oospores germinate very rapidly since the earliest stages of the 
promycelium have never been observed, though at times immature 
conidia have been found (Fig. 1b). Inno case has the germination 
of the oospore by swarmspores been observed. 

The germination of these conidia has never been followed, but the 
empty shell (Fig. 2 c and d) has been found, thus indicating that the 
germination follows the usual method by swarmspores. It is also 
quite certain that the conidia are easily broken loose from the promy- 
celium since in trying to arrange some specimens in better position 
for observation the bits of leaves were very slightly moved and the 
conidia were broken away and lost. 

Thus it seems that the oospores in the leaves on the ground produce 
their conidia on promycelia, and that the winds and rains break these 
loose and blow or spatter them to the leaves where they germinate and 
produce the swarmspores, which in turn infect the leaves. That the 
rains could very easily scatter the spores to the leaves can be seen by 
examining the lower leaves of vines on well-cultivated ground after a 
rather heavy rain, when mud will be found on both the upper and 
lower surfaces of the leaves spattered to the height of two or three 
feet. This fact, however, would serve equally well to explain distri- 
bution of the swarmspores were the germination of the oospores by 
this method. 
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GERMINATION OF CONIDIA 


Historical. Dr. Farlow*® was the first to describe the germina- 
tion of the conidia. He states that germination occurs in about an 
hour and a quarter and that from two to seventeen swarmspores are 
produced. He mentions a pause of the mass of swarmspores at the 
mouth of the conidium, followed by the jerking apart of the indivi- 
duals. The swarmspores also constantly change in shape while swim- 
ming about. ‘The swarming lasts for fifteen to twenty minutes, after 
which the swarmspores come to rest, round up, drop their cilia and in 
about a quarter of an hour produce a germ-tube. Occasionally they 
do not germinate in this given time but require a much longer period. 
Ordinarily the germination is quite regular. Both Cornu and Scrib- 
ner’ quote Dr. Farlow’s statements concerning the germination of the 
conidia. 

Patrigeon ” states that water, and not simply damp air, is necessary" 
for the germination and that a temperature of 25° to 30° C is best. He: 
mentions, as another possible method of germination, the emission of. 
the entire contents of the conidium as a naked mass of protoplasm 
which rounds up and produces a germ-tube, though he acknowledges 
that this is a very exceptional method. 

In the same year, Cuboni" claims that intense light prevents the 
germination of the conidia. 

Wiithrich ” claims that the conidia germinate in one to two hours 
and that the zoospores swarm for three to five hours and after fifteen 
to twenty hours germinate. He never observed the germination of 
the conidia by a germ-tube. 

Viala° assembles all of the important contributions on the mildew 
up to 1893 and also adds a few points brought out by his own investi- 
gations. He figures and describes three methods of conidial germina- 
tion. In the first, germination by zoospores is said to occur within the 
space of one-half to one hour at a temperature of 28° to 30° C., five to 
eight irregular biciliate swarmspores being produced. These cilia are 


‘Farlow, W. G. On the American grape vine mildew. Bul. Bussey Inst. 
1: 415-425. pls. 2-3. 1876. 

*Scribner, F. L. Report on the fungus diseases of the grape vine. U.S. Dept. 
Agr., Div. Bot., Bul. 11: 10-15. Figs. 1-2. 1886, 

Patrigeon, G. Le Mildiou. pp. 16-25. Figs. I-10. 188r. 

1 Cuboni, J. La Peronospora dei grappoli. Atti Congr. Nazion. Bot. Critt. in 
Parma. 1887 : 91-108. [French translation by A. Picaud. 1889]. 

2 Wiithrich, Ernst. Ueber die Einwirkung von Metalsalzen und Sdueren auf 
die Kaumfahigkeit der Sporen einiger parasitischer Pilze. Zeitschr. Pflanzenkr. 
2:16-31. 81-94. 1892. 
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figured, after Millardet, as having a small swelling or lobe at the distal 
end of each. In the second method, at a temperature below 20° C., 
the conidia may exude their entire contents, which round up, and be- 
come surrounded by a membrane, germinating by a germ-tube. This 
method is said to be very rare. A third and much more rare method 
of germination has been noted by Viala to occur with conidia taken 
from conidiophores which had become a dull white due to desiccation. 
In this case the conidium produced a long tube directly. This tube 
was emitted through the distal end, the point where the wall is thin- 
nest and through which the swarmspores always escape. ‘These three 
methods of germination have been reported by deBary in numerous 
other of the Peronosporales so it is reasonable to suppose that they 
might occur in this species. 

Prillieux’s’® report of the germination of the conidia is not materially 
different from those of the numerous other workers. ‘Thus, since the 
work of Farlow, Millardet, Prillieux and a few others, the germination 
of the conidia has been left entirely unstudied until very recently. 

Conidial Germination. When one examines a mass of the conidio- 
phores taken from a leaf usually three types of conidia can be distin- 
guished. Some are finely granular and hyaline, others are densely 
and coarsely granular and more or less brown, while others are partly 
or wholly filled with a highly refractive drop which appears to be 
oleaginous in nature. Any of these types will germinate except the 
old coarsely granular type, which, so far as I have been able to deter- 
mine, does not do so. 

Ordinarily germination is brought about by placing the conidia in a 
suspension of water in a Van Tieghem cell or in a drop of water on a 
slide. At times, however, the conidia can not be germinated under 
these or any other conditions, so far as I have been able to determine. 
At best the germination is rather uncertain. 

The conidia are ovate and are attached to the conidiophore at the 
smallend. At this end the wall is relatively thick but it grows grad- 
ually thinner toward the apex. At the tip of the conidium there is a 
papilla or cap-like structure which is very much thinner and is also 
more hyaline than the remainder of the wall. The papilla is variable 
in prominence. Sometimes it is almost lacking and at other times so 
pronounced that it appears like a cap which might be pushed off by 
swarmspores at germination. It is at this point that the conidial wall 
disappears, leaving an opening just the size of the papilla, through 
which the swarmspores escape. 


13 Prillieux, Ed. Maladies des plantes agricoles 1: 97-131. 1895. 
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At first the protoplasm is finely granular (Fig. 3 a) but about an 
hour after being placed in water there appear lighter hyaline spots in 
the protoplasm which at the same time becomes a little denser and 
more granular (Fig. 3b). This continues until there is a dense gran- 
ular mass with clear, distinct spots arranged at regular intervals. In 
a short time there appear in the protoplasm dark lines which mark out 
portions about each hyaline spot (Fig. 3c). These lines become more 
and more distinct and finally there are slight indentations along the 
margin of the previously smooth protoplasm (Fig. 3d). The content 


Fic. 3. Various stages in the germination of the conidia of Plasmopara viticola. 
h. The appearance after germination of a conidium containing an ‘‘oil drop ”’ 


of the conidium is now very rough and irregular. By focusing care- 
fully the individual swarmspores can be made out. In a few minutes 
the spores break apart and become distinct bodies (Fig. 3e). At this 
point there is a pause during which it seems that the spores must burst 
forth immediately and, coincidentally, there seems to be a slight move- 
ment among them. Suddenly through the tip of the conidium there 
appears a bit of protoplasm of one of the swarmspores (Fig. 3 f) which 
slowly forces its way out until the opening becomes maximum in size 
when the entire mass of spores, jerkily but rapidly, slips out. It is 
quite certain that the opening is at the papilla, and is probably brought 
about by the dissolution of the wall at this point and not by its break- 
ing, since no remnant of the wall can be found after evacuation. 
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The swarmspores remain for an instant at the end of the conidium 
and then pull apart and swim away (Fig. 3g). It is quite probable 
that the flagella are formed at this time by the pulling apart of the 
spores. ‘There is a considerable jerking and wrenching before they 
separate. At times two spores remain attached for a long time and, 
finally, by dint of much pulling they snap apart and swim away. At 
other times as many as four or five spores are joined together by their 
flagella (Fig. 4a). Thus it would seem that the flagella are slender 
threads of protoplasm pulled out from the spores as they split apart. 

Sometimes all the swarmspores do not escape from the conidium at 
once, but one or two remain swimming about within. These spores 
experience considerable difficulty, so to speak, in escaping, seeming to 
be unable to squeeze their nuclei through the opening. When they 
do manage to escape they usually are constricted at the center into a 
dumb-bell shape. 

The number of spores produced varies greatly. Some of the large 
conidia produce as many as 15 to 17, while some small ones have 
only 1 or 2. The normal number is 5 to 8. 

The conidia containing the oil drop germinate readily at times. In 
this case the oil drop is left behind in the conidium (Fig. 3h), the 
entire mass of protoplasm going to make up the swarmspores. 

Swarmspores. ‘The shape of the swarmspores is plano-convex with 
a keel or ridge along the flat side. In the center near the flat surface 
there is a light hyaline spot, the nucleus. Near it, and less brilliant, 
is another spot which by tinting with stains appears to be a vacuole. 
From two points each side of the nucleus arise the flagella, which are 
of unequal length. This is the normal shape of the spores but there 
are many exceptional shapes produced at times. It is quite apparent 
that when the spores are newly formed and escaping from the coni- 
dium they are very plastic and capable of taking any form, but once 
they are fixed in any given shape it is difficult for them to change. 
Thus, if in pulling apart the spore becomes pyriform or some irregular 
shape it remains so. 

It has been stated by some authors that the swarmspores are con- 
stantly changing their shape when swimming about. It appears to 
the writer, however, that there is no actual change, the apparent 
change being due to the rolling motion of the spores as they swim. 
This, combined with their peculiar shape, produces the illusion. 

The size of the swarmspores varies, being 6-7 x 7.5-gu. The flagella 
are from 27 to 33 » in length. 

After swimming about for approximately one-half hour the swarm- 
spores gradually come to rest, round up and surround themselves with 


4 

{ 
| 
| 

| | 

} 

| 
| 
| 

| 


DECEMBER, 1912] (GREGORY: PLASMOPARA VITICOLA 243 


a thin membrane (Fig. 4b). They apparently do not immediately 
‘‘drop’’ their flagella but, rather, absorb them, because, after becom- 
ing globose, they continue to whirl and move back and forth until 
they gradually come to rest. They would probably stop abruptly if 
the flagella were immediately dropped. Staining which has clearly 
revealed the flagella on the motile forms has failed to reveal them 
lying free among the quiescent forms in the same preparation. These 
remain globose for fifteen minutes, more or less, and then there appears 
a slight protuberance (Fig. 4c) from one side, accompanied by the 
appearance of a vacuole at the opposite side. This is the germ-tube. 
It elongates and the contents of the spore follow. This continues 
until the contents have passed out into the tube, leaving the thin wall. 
After the tube reaches a certain length there may be produced an 
appressorium (Fig. 4c) from which another tube arises later. 


Fic. 4. @. Swarmspores. 6. Quiescent stage. c. Germination of swarmspores, 
the one in the lower right corner showing an appressorium 


The time occupied in these various processes is quite variable and 
no definite limits can be given. Usually the first swarmspores appear 
in about one hour to an hour and a half but they continue to appear 
in other conidia for about five hours. The rounding up begins in 
about an hour and a half to two hours after expulsion. Complete 
germination may occupy about three hours or it may require as much 
as twelve hours. 
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INFECTION 


Recent work with the mildew has concerned itself with a study of 
the method of entrance of the germ-tube of the swarmspore into the 
leaf. The older workers have taken it for granted that, since the 
greater proportion of the conidia must fall on the upper side of the 
leaf (a conclusion based on experiments of Millardet’), the tube must 
penetrate the epidermis of the leaf directly. This view is not surpris- 
ing, since De Bary found that in a number of the Peronosporales the 
germ-tubes do penetrate the epidermis directly. 

Dr. Farlow noted that infection took place much easier on the lower 
than on the upper surface of the leaves but he only accounts for this 
by the fact that the lower surface is more concave and holds the water 
much better than the upper. He states that he has produced infec- 
tion on the upper surface of the leaf in numerous cases. 

In 1908 Ruhland and von Faber” found that infections do not occur 
on the upper surface. Immediately following this work a large 
number of investigators commenced experiments which completely 
verified the pioneer experiments of these authors. 

Miiller-Thurgau ” in Switzerland was the first to publish extensive- 
ly on this subject. He gives very complete and numerous experi- 
ments, all of which prove that infections occur only on the lower 
surface... He has seen the penetration of the germ-tube through the 
stomates and found the mycelium in the sub-stomatal cavity and even 
found a few of the cells about the cavity browned by the effects of the 
fungus. He also states that three hours is sufficient for the germina- 
tion of the swarmspores and penetration of the stomates, while after 
thirty six hours the destruction of the cells is noticeable. He had 
difficulty in infecting very young leaves, and explains this, according 
to Dr. Faes, by the fact that the stomates have not yet opened. Hail 
wounds and other injuries to either surface may also serve as a court 
of infection. 

Faes", very shortly after, gave an account of some infection ex- 
periments which completely verify these conclusions. Although he 
did not see the penetration of the germ-tube into the leaf he did note 


14 Miliardet, P. M. A. Observations nouvelles sur la developpement et le traitement 
du mildiou. Jour. Agr. Prat. 2. 1886: 663-667. 1886. 

'Ruhland, W. and von Faber, F.C. ‘‘The biology of Plasmopara viticola.”’ 
Ber. Tatigk. Kais. Biol. Anst. Land und Forstw. 1908: 19. [Abstr. in Exp. 
Sta. Rec. 23:251]. Original not consulted. 

16 Miuller-Thurgau, H. Infektion der Weinrebe durch Plasmopara viticola. 
Centbl. Bakt. u. Parasitenk. Abt. 2, 29 : 683-695. IgII. 

17 Faes, H. Nouvelles recherches sur le developpement et le traitement du 
mildiou. Rev. Vit. 36 : 489-493. 517-524. 545-550. IQII. 
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the assembling of the swarmspores about the stomates. Istvanffi and 
Palinkas also made a number of infections on leaves under natural 
conditions, with the same results. 

Ravaz and Verge”, later in the same year (1911), acknowledge, as 
a result of tests made by them, that infections undoubtedly occur 
through the stomates, but in view of the fact that spraying on the 
upper surfaces of the leaves has in years past controlled the disease, 
and in the belief that the greater number of conidia must fall on the 
upper surface, they are convinced that if inoculations were made on 
the upper surface in a film of water which extended around the edge 
of the leaf, infections might be produced by the swarmspores swim- 


Fic. 5. Moist chamber used for inoculation work 


ming over the edge and thus to the stomates. In support of this 
claim they state that in all of the experiments, inoculations on the upper 
surface were made in small isolated drops which gave the swarmspores 
no access to the lower surface. In addition they found that the 
swarmspores were able to swim for a distance of at least 46 millimeters. 

In order to verify this work on American varieties the writer con- 
ducted the following experiments during July and Aughst of the 
summer of 1912 at Esperanza vineyard in the Keuka Lake district of 
New York. From observations made during the summer it was 


'Istvanfh, Gy. von and Palinkas, Gy. Infectionsversuche mit Peronospora. 
Centbl. Bakt. u. Parasitenk., Abt. 2, 82 : 551-564. 1912. 

 Ravaz, I. and Verge, G. Sur le mode de contamination des feuilles de vigne 
par le Plasmopara viticola. Compt. Rend. Acad. Sci. (Paris) 153 : 1502-1504. 
IgII. 


| 
| | 
awe = | 
\ 
| 
| 


246 _PHYTOPATHOLOGY 11, NO. 6 


found that the mildew attacks all the tender green parts of the vine, 
namely, the leaves, stems, tendrils and fruit. In severe cases there is 
produced a swelling of the stem, while the fruit assumes a peculiar 
livid color and becomes hard, followed by a reddening, or browning, 
and shriveling of the berry. On the leaves there are yellowish spots 
produced at first, followed by a red-brown color and drying of the 
tissues. The size of the spots depends on the weather conditions and 
the age of the leaves, being largest on young leaves or during wet 
weather. 

For this work the susceptible variety, Delaware, was selected. ‘The 
leaf of the Delaware is also relatively smooth, that is, free from the 
hairs which so abundantly clothe the lower surface of most of the 
American varieties. 

An attempt was made to conserve the natural conditions as much as 
possibfe during theexperiment. ‘To this end a glass infection chamber 
was made of the shape shown in figure 5. Thesloping hinged top was 
designed to shed rain and also to afford a ready means of opening the 
chamber. 

A branch was freed from the wires and introduced into the chamber 
through a slot cut at one end. The branch was so arranged that the 
leaves all lay lower side up, for inoculations on the lower surface, or 
in the natural position, when the inoculations were made on the upper 
surface. At each end of the chamber were placed dishes of water 
each containing a sponge, thusincreasing the evaporating surface. In 
this way the air of the chamber was kept moist and single drops of 
water could be held for 12 to 24 hours. The whole chamber was 
shaded with white cloth to reduce the intense heating of the sun. 

Before making inoculations a ring of India ink was always made on 
the leaf and into this a drop of rainwater or distilled water was placed. 
Conidia were taken from leaves which had been kept in a moist chamber 
over night, so as to allow the abundant production of fresh spores, and 
placed in the drop. 

The chamber was usually examined once a day at least to be sure 
that the drops did not evaporate, and in some cases even this precau- 
tion did not.prevent the drying of the drops especially during the hot 
weather of July. 

The results are shown in the table on the next page. 

The percentage of infection on the lower surface was 54.75. The 
very low percentages in some cases can be explained by the drying of the 
drops, mentioned before, by the fact that certain of the leaves were 
too old to be infected and by the peculiar fact that in some cases the 
conidia could not be germinated abundantly under any of the conditions 
that were given. 
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INFECTION EXPERIMENTS 


Date Inoculations Infections 
1 June 30_______ 5 leaves, upper surface 
July 9.---- 7 “ 
Lower Upper 
os a 16 spots, lower; 4, upper surface 7 o 
§----—-- 40 “ 8 
Totals ___. 454 175 248 


So far as could be determined infections occurred at any place on 
the lower surface. The inoculations on the upper surface were, how- 
ever, made only along the main veins and the margin of the leaf. 

In order to see the penetration of the germ-tube into the tissue 
conidia were placed in a drop of water on the lower surface of freshly 
plucked leaves which were placed in a moist chamber. These were 
allowed to stand for about twelve hours to insure the complete germin- 
ation of the conidia and the penetration of the germ-tube into the leaf. 
Following this, a drop of eosin was placed in each conidium-laden drop 
and allowed to act for 10 to 30 minutes. At the end of this time the 
stain was removed carefully with blotting paper and replaced with 
water. ‘This method gives deep red spores which stand out sharply 
against the green of the leaf. 

It is now only necessary to cover the bit of the leaf with a cover 
glass and examine the surface with the 4 mm. objective of the micro- 
scope in order to see the red swarmspores abundantly scattered over 
the surface of the leaf and in numerous cases producing germ-tubes of 
varying lengths. These tubes invariably are directed towards the 
stomates and, when long enough, can be seen to dip downward into 


1In experiments June 30-July 14 the conidia were spread over the whole surface. 
2 In experiments July 19-Aug. 31 the conidia were placed inside the ink rings, 
mentioned above. 
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the opening (Fig. 6). It is not uncommon to see two or three, or 

even more, swarmspores clustered about a single stomate and all of 

them sending tubes into the leaf. In cross-section (Fig. 7) the tubes 

can be seen to extend down into the sub-stomatal cavity to the sur- 

| rounding cells. The browning of these cells mentioned by Miiller- 
Thurgau has not been observed, probably because the experiments 
were not long enough continued. 

The germ-tube after penetrating the stomate seems to become some- 
what larger in diameter as compared with the tubes produced by the 
spore when germinated on a slide. So far as has been observed, the 
tubes do not produce in the sub-stomatal cavity of the leaf the appresso- 
rium so often seen in the slide cultures. If this body serves as a rest- 

ing condition of the germ-tube, as may be the case, it would not be 
needed in the cavity where food is abundant and growth unimpeded. 


Fic. 6. Clustering of the swarmspores about the stomates and the 
penetration of the germ-tube. Surface view after 12 hours 


It is unquestionably true, as Miiller-Thurgau and other investigators 
in Europe state, that infection of the grape leaves occurs through the 
stomata of the lower surface of the leaves and that the penetration of 
the epidermis, though it may be possible, as was formerly supposed, 
does not commonly occur. 

Apparently it has been assumed by many that spores of amy wind 
borne fungus would naturally fall upon the upper surface of the leaves. 
Considering the extreme lightness of. the conidia of this or of most 
fungi this is quite likely a groundless assumption. It is doubtful 
whether the smeared glass plates suspended in the vineyard and used 
by Millardet to determine the lodgment of spores is quite comparable 
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to the condition offered by the leaf of the grape. The glass plate 
would remain rigidly horizontal or vertical at all times, whereas a 
grape leaf is being constantly blown about, even exposing at times the 
lower surface and, moreover, it is constantly rubbing against the 
upper surface of the leaf below. ‘Thus, if conidia lodged on the upper 


surface of any leaf they might be easily transferred to the lower sur- 
face of the leaf next above. 


Fic. 7. Penetration of the germ-tube through the stomate into the 
substomatal cavity. After 12 hours 


If one examines the leaves during a moderately heavy rain in 
summer he will find that the lower surface is as wet as the upper. 
This wetting is due largely to the spattering of the water from the 
upper surface of the leaves next below.’ Thus, the conidia could be 
easily carried in this way with the spattering drops of water. 

A final possibility, is that suggested by Ravaz and Verge, namely, 
that the conidia may fall on the upper surface, where they germinate 
and the swarmspores may then swim over the edge of the leaf to the 
lower surface. As far as the film of water about the leaf is concerned 
this method of infection is quite possible. 

In conclusion, the writer wishes to acknowledge his indebtedness to 
Dr. Donald Reddick for numerous helpful criticisms and suggestions. 


CORNELL UNIVERSITY, 
Irnaca, N.Y. 
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DOES PHYTOPHTHORA INFESTANS CAUSE TOMATO 
BLIGHT 


HOWARD S. REED 


The tomato crop in the southwestern part of Virginia has suffered 
for a number of years from a blight caused by Phytophthora. The 
disease usually makes its appearance about the time the vines begin 
to ripen the fruit. From that time on until they are killed by frost 
the blight becomes worse, the fungus attacking the leaves, stems and 
fruit. The leaves turn black and wilt, giving an appearance similar 
to that of a vine which has been killed by frost. The fungus attacks 
the fruit soon after it appears on the leaves, causing a rather 
characteristic rot which is very destructive. The infection appears to 
take place underneath the calyx and, as a result of this, the fruit be- 
gins to rot around the stem-end. 

In 1gt1 the writer published a brief account of this and another 
tomato disease as Bulletin 192 of the Virginia Experiment Station. 
At that time he was not certain that the fungus identified as Phyto- 
phthora was the same as that found on potatoes and known as P. 
infestans. It had been assumed by previous workers that the two 
were identical but direct proof did not appear in the literature. It 
was thought best in the publication cited to refrain from placing 
the tomato fungus under P. zx/festans because observations failed to 
show any considerable amount of potato blight in southwestern 
Virginia. In many instances tomatoes and potatoes were grown near 
each other. The tomatoes showed large amounts of blight while the 
potatoes showed very little, hence the suggestion was made that the 
blights might be caused by varieties of P. zzfestans. In view of these 
facts, it was deemed wise to await the results of further work before 
deciding definitely where to place the fungus. 

The publication of these views in the bulletin above mentioned 
called out several very interesting letters from plant pathologists who 
had had extensive experience with the potato blight in the northern 
states. From their letters it appears that in New York and the New 
England states, where Phytophthora is a destructive disease on 
potatoes, they find little if any injury due to the action of this fungus 
upon tomatoes. 

Experiments were carried out in rg11 and again in 1gt2 in which 
potatoes and tomatoes were planted in alternating hills. The plants 
when half grown came into contact with each other and thus afforded 
a very favorable opportunity for the disease to spread from one plant 
to another. The experiment in 1g11 failed to give any results be- 


1Paper No. 20, from the Laboratory of Plant Pathology, Virginia Agr. Exp. 
Station, Blacksburg, Va. 
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cause the Phytophthora did not appear in Virginia that season on 
either of its host plants. In 1912, however, the fungus reappeared 
and it was possible to determine its relationship. 

In 1912 the Phytophthora blight was first found on August 12th 
in the unsprayed portion of the interplanted plat (potatoes and 
tomatoes). On the same date it was also found in the lime-sulphur 
sprayed plat (tomatoes only) which adjoined the potatoes. From 
that time on, the disease spread on both the potatoes and tomatoes. 

It was found possible to infect potatoes and tomatoes with the 
blight by taking spores from either host plant. When examined in 
the laboratory no difference was noted between the spores taken from 
the two sources. It has been noted each year that the disease has 
not appeared until the advent of weather cool enough to bring lower 
temperatures during the night. At the altitude of Blacksburg (2200 
feet) the cool nights bring an abundant formation of dew which ap- 
parently gives proper conditions for the germination of the swarm 
spores of the fungus. In localities in southwestern Virginia at higher 
altitudes the disease appears earlier and causes correspondingly greater 
injury. This relation of the disease to altitude is quite striking for 
the disease is practically unknown in this state below about 2000 feet, 
but is universally present at altitudes greater than that. The reason 
would appear to be connected with the cooler temperature and the 
more abundant formation of dew. During the last few years the 
higher portions of the state have had more rain during the summer 
months than the lowlands and this undoubtedly also acts as a _ predis- 
posing factor. 

Reverting now to the question of the apparent immunity of the 
potato crop, it may be said that the period of active growth for the 
potato is practically over at the time the Phytophthora blight makes 
its appearance. Potato growers have found that it was more profit- 
able in this region to plant at the earliest possible date. We found, 
on careful inspection, that the vines of the later-planted potatoes 
showed the presence of more or less Phytophthora blight. If the 
main potato crop were a late one there is now no reason to believe 
that it would escape the attack. 

Some attention has been given to the method by which the blight 
fungus may live over the winter. There is some evidence that it may 
be transmitted in tomato seeds, for it is quite easy to find fungus 
mycelium in the seeds of the infected fruit. It has not been shown, 
however, that the mycelium retains its vitality during the wiuter. 
At present it seems more probable that the present epidemics of tomato 
blight start from the potato, since the early infections are usually on 
tomatoes which grow near potato vines. In making an inspection of 
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the diseased areas it was found that the tomato blight was always 
more severe in the vicinity of potato vines. We are led to conclude, 
therefore, that the Phytophthora of the tomato is identical with that 
of the potato and that the apparent immunity of the latter is due to 
the practice of the farmers in growing comparatively early crops. ‘The 
reason for the apparent immunity of the tomato in the northern 
states is not yet evident. It would be interesting to follow this 
question further in one of the localities farther north, where the 
potato blight is the more serious disease. 


The effect of the fungus upon subsequent generations of the host 
plant was observed through two generations. Seeds were collected 
in the fall of 1910 from both green and ripe fruits infected with the 
disease. These seeds were planted in the green house and the plants 
grown to maturity. The seed from the immature green fruit gave 
much better plants. All seed taken from ripe infected fruit gave 
abnormal plants which showed more or less chlorosis and produced 
small, bitter fruit. No Phytophthora appeared upon either set of 
tomatoes grown in the green house ; in fact, the disease has seldom 
shown itself in the Station greenhouse. 

Seed was collected from both sets of plants and a second crop of 
plants raised. These were transplanted to the field and formed a 
part of the field experiments of 1911. Here, again, the plants de- 
scended from the diseased ripe fruits were inferior to those from the 
diseased green ones. The former were early attacked by Septoria 
lycopersict and the foliage severely injured. As stated above, no 
Phytophthora developed in 1911 on any of the fields in this part of 
the state. Had Phytophthora been present, there is reason to expect 
that the injury would have been more severe on the plants descended 
from the diseased ripe fruits. These facts lead one to think that the 
Phytophthora disease is not transmitted by the tomato seed, but that 
the infection of the seeds may produce a weakened condition which 
is manifested by the production of inferior offspring. 

Bancroft’ reports a fruit rot of tomato which he believes to be 
caused by Phytophthora omnivora. He reported that the brown seeds 
of the infected plants were capable of germination but produced plants 
which bore infected fruit. With this our results disagree. 

Experiments upon remedial methods have been carried on for three 
years and are to be further continued. Up to the present time the 
greatest success has been obtained from the use of bordeaux mixture 
asaspray. Varieties like Red Cherry and Red Pear display almost 
complete immunity to this blight but to date no successful hybrids 
have been produced. Among the larger-fruited varieties Red Rock 
and Buckeye State have shown the greatest resistance. 


VIRGINIA AGRICULTURAL EXPERIMENT STATION, 
BLACKSBURG, VA. 


1 Jour. Bd. Agr. (London) 16: ro12. 
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APPLE RUST CONTROLLABLE BY SPRAYING 
E. T. BARTHOLOMEW 


Apparently there has been a rapid increase in recent years in loss 
to apple orchardists from the cedar rust, Gymnosporangium juniperae- 
virginianae Schw. Experiments show that in many cases the sim- 
plest and best control measure is the destruction of the red cedar 
( Juniperus virginiana) for a considerable radius about the orchard. 
That this method is not always practicable becomes evident if we con- 
sider conditions that exist in various localities. For example, certain 
orchards are located in valleys surrounded by cliffs or steep hillsides 
covered with cedars; the cedars are valuable for posts, poles, etc.; 
they are often used for ornamental plantings ; or hedges of these trees 
may be used to protect farm buildings and even the orchards. Under 
such circumstances the small orchardist usually prefers to sacrifice his 
susceptible apple trees rather than destroy the cedars. 

General orchard observations and artificial inoculations show that 
certain varieties of apples are more susceptible to the rust than others. 
In Iowa (2) the Hibernal, Oldenburg, Fameuse and Canada Baldwin 
are said to be resistant, while the Wealthy suffers most. In Nebraska 
(4) the Duchess, Sweet June, Yellow Transparent, Ben Davis, Maiden 
Blush, Winesap and Grimes’ Golden are least affected, and the 
Wealthy, Red June, Whitney, Jonathan and Missouri Pippin are most 
readily attacked. Reports from Virginia (6) show the Winesap, Mam- 
moth Black Twig, Northwestern Greening and Albemarle Pippin to 
be the most resistant and the York Imperial, Brier’s Red, Jonathan 
and Rome Beauty to be the most susceptible of the principal com- 
mercial varieties. In this state,’ the Wealthy and Peerless Sweet 
take the lead as to susceptibility. The Jonathan, Whitney and Sweet 
Wine are more resistant, while the Wolf River, Northwestern Green- 
ing, Fameuse, Duchess, McMahon and McIntosh are very slightly, 
if at all, affected. Lists might be given for other states, but these 
are sufficient to show that each section of the country has its own 
problem, for the variety best suited to one locality may be poorly 
adapted to another. 


! These conclusions as to Wisconsin conditions are based primarily on records 
made by L. R. Jones at Lake Mills, Wis., where there is a large collection of 
varieties closely aggregated, supplemented by data from Frederick Cranefield, 
Secy., Wis. Hort. Soc., and our own observations at Baraboo. 
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This marked difference in varietal resistance shows clearly the im- 
portance of planting non-susceptible varieties as a second means of 
keeping the rust out of the orchards. However, this, like the removal 
of cedars, is not always practicable, for very often varieties that are 
most resistant to the rust may be more susceptible to other diseases, 
or may take low rank as to vigor or productiveness. Unfortunately, 
in Wisconsin the Wealthy, which is the most susceptible of all to 
rust, has been one of the favorite varieties for planting. 

The two preceding methods are not always desirable and experi- 
ments have been carried on in Vermont (1), Iowa (2), Nebraska 
(3,4) West Virginia (5), Virginia (6), and other places attempting to 
control the disease by spraying either the cedars or the apple trees, or 
both, but these experiments have been attended with failure or only 
partial success. Probably the most favorable results were obtained by 
N. J. Giddings (5), who reported one such case of control. 

The apple rust having become especially destructive in Wisconsin 
during the past three years, the writer, under the direction of Pro- 
fessor L. R. Jones, and with the assistance of Messrs. I. E. Melhus 
and A. G. Johnson, made an attempt during the past spring to control 
the disease by spraying. ‘The results, though obtained from experi- 
ments extending over only one season, were such that it seems justifi- 
able to publish at least a preliminary statement of them. 

The place chosen to carry on the experiment was near Baraboo, Wis- 
consin. The Wealthy being most susceptible, trees of this variety 
were selected. They were chosen in three different orchards. In the 
two which were nearest the source of infection Wealthy trees died 
during the past summer. ‘This was due to their being almost wholly 
defoliated during the two previous seasons by the ravages of the rust. 
One of the orchards is located directly at the base of a bluff covered 
with cedars ; the second and third orchards are located about a quarter 
of a mile and a half mile, respectively, from the same bluff. 

Very close watch was kept on weather conditions, the development 
of the apple foliage and on the maturing of the cedar galls. Imme- 
diately following the formation on the cedar galls of the jelly-like telial 
extrusions and sporidia the apple trees were sprayed with Bordeaux 
mixture, 4-4-50 and 3-3-50. ‘This was done before sufficient time had 
elapsed for the transfer of the sporida from the galls to the apple 
foliage. The first spraying was on May 15, with subsequent applica- 
tions May 22 and May 30. ‘The proper time for spraying, however, 
cannot be designated by any fixed dates, for the crucial time for action 
depends entirely upon such weather conditions as favor the development 
of the cedar galls. Collections of cedar galls were made at the time of 
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each spraying and these show that on May 15 there were only a com- 
paratively few extrusions, while on May 22 probably half of the gall 
was covered ; not till the time of the third spraying (May 30) was the 
gall completely covered with the gelatinous masses. This shows that 
the period of possible infection probably extends over an interval of 
some three weeks. 

During the latter part of the summer, after the rust had fully de- 
veloped on the apple foliage, alimb was collected indiscriminately from: 
each of the sprayed and unsprayed trees and the number of infected 
and uninfected leaves was determined, together with the minimum 
and maximum number of infection spots on the diseased ones. The 
results are shown in the following tables : 


TABLE 1. AMOUNT OF INFECTION ON BRANCHES TAKEN FROM 
TREES IN ORCHARD AT BASE OF CEDAR BLUFF 


Sprayed 
Number infec- 


Branch from Number uninfect- Number infect- Percent leaves 
tions on var- 


tree number ed leaves ed leaves infected : 
ious leaves 
Unspraved 


TABLE 2. AMOUNT OF INFECTION ON BRANCHES TAKEN FROM 
TREES IN ORCHARD A QUARTER OF A MILE FROM CEDAR BLUFF 


Sprayed 


Number infec- 


Branch from Number uninfect- Numberinfect- Percent leaves : 
tions on var- 


tree number ed leaves ed leaves infected : 
ious leaves 
Unsprayed 
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TABLE 3. AMOUNT OF INFECTION ON BRANCHES TAKEN FROM 
TREES IN ORCHARD ONE MILE FROM CEDAR BLUFF! 


Sprayed 
Branch from Number uninfected Number infected Percent leaves 
tree number leaves leaves infected 
5 -..----------- 94 -------- 3 -- -------- 3.0 
Unsprayed 


The above results are especially gratifying when one considers that 
the trees were sprayed only three times. As further evidence of the 
effectiveness of this method, and one which does not show in the tables 
above, it should be noted that on the sprayed trees there was a marked 
difference in the amount of infection in the tops of the older and higher 
trees and in the foliage on the lower half. On the lower half where 
the application of the spray was more thorough there were many 
branches practically free from the disease. This was not due to unlike 
exposures, for no such contrast could be detected on the control trees. 
The tables show very plainly the difference in the extent of infection 
at various distances from the cedars. 

Too much emphasis cannot be laid on the fact that the spraying 
must be done at the critical time, which is within a few hours atter the 
sporidia are formed on the cedar galls. For this reason the question 
might be raised as to the practicability of attempting to control the 
apple rust by spraying. However, most orchards are not so large but 
that the susceptible trees in it can be given the necessary attention at 
the proper time. Considering that this means not only a decided in- 


Note. Hach infected leaf showed an average of from one to two infection spots. 
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crease in production and improvement in quality, but often the saving 
of the life of valuable trees, it would surely seem practical. 


UNIVERSITY OF WISCONSIN, 
MADISON, WISCONSIN 
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CONTROL OF APPLE RUST BY SPRAYING 


A PRELIMINARY REPORT 
N: J. GIpDDINGS D, C. 
(WITH PLATES XXIII AND XXIV) 


The rust of apple has been one of the most serious diseases found in 
many orchards of West Virginia during the past few years. In the 
several places visited the varieties York Imperial and Rome Beauty 
have suffered greatest injury. The damage to fruit from the rust this 
year in one county where careful estimates were made, is placed at 
$75,000. 

The red cedar also finds many portions of this state well suited to 
its requirements, and small areas occur frequently where the stand is 
practically pure, while scattering trees of this species are very numerous. 
Unfortunately, some of the best apple sections and typical cedar areas 
appear to coincide. This disease of cedar and apple has been known 
in the state for some years but it has been spreading rapidly into new 
localities during the past three seasons. 

During the spring of 1912 this department began active field investi- 
gations as to the practicability of controlling apple rust by means of 
spraying. Personal observations on the disease, and results given by 
other investigators’, led to the belief that it could be controlled by 
spraying at the proper time, hence a commercial orchard in the eastern 
part of the state was chosen as a desirable place in which to conduct 
some experiments and 38 trees were turned over to us for the work. 

Of these trees, 1g were York Imperial and 1g Ben Davis. ‘They 
formed a nearly square block in the orchard and were so located that 
one might reasonably expect them to receive uniform infection. ‘The 
only spray materials applied to them during the season were those 
which we used in connection with this work. 

The spray materials used were bordeaux mixture (3 lbs. copper 
sulphate, 5 lbs. lime, 50 gals. water), commercial lime-sulphur (1 gal. 
to 40 gals. of water) and atomic sulphur (7 Ibs. to 50 gals. of water). 
Each tree was divided into four parts by imaginary vertical planes. 
One portion was left unsprayed and each of the other portions was 
treated with one of the above three spray materials. A large rubber 
blanket was spread over as much of the control portion as it would 


“1 Emerson, R. A. Apple scab and cedar rust. Nebraska Agr. Exp. Sta. Bul., 
88. 1905. Stewart, F. C. Notes on New York plant diseases, I. N. Y. Agr. 
Exp. Sta. Bul. 328 : 317-318. 
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cover while the tree was being sprayed. The spray material was ap- 
plied undera good pressure, using a two cylinder hand pump. A large 
tag was placed on a branch near the center of each of the four portions 
after spraying and no tree was sprayed on more than one date. 

Two trees, one Ben Davis and one York Imperial, were handled in 
this manner on April 22, 24, 29, May 4, 6, 8, 10, 13, 15, 18, 20, 22, 
27 and 29. Other trees were similarly treated, but using only bordeaux 
and lime-sulphur, on April 18, 20 and May 1; while still others re- 
ceived only lime-sulphur and atomic sulphur on April 26 and May 2. 

Before the last of May it became evident that the disease was very 
largely controlled on certain trees. The sprayed portions of the trees 
treated May 4 and 6 were especially free from rust and the portion 
sprayed with bordeaux was apparently the healthiest in each case. 
Early in June counts were made to determine the number of diseased 
and healthy leaves resulting from each treatment. The results secured 
from a portion of these counts are given below. 


York Imperial Ben Davis 

Con- Bord. Lime- Atomic Con- Bord. Lime- Atomic 
Apr. 26 trol sul. sul. trol mxt. sul. sul. 
No. leavescounted 17 ——— 50 52 43 — 29 35 
Per cent diseased 60 — 66 70 | 34.8 = —— 34.4 42.8 
Apr. 29 
No. leaves counted 163 I5I 137 134 106 137 133 121 
Per cent diseased 58.9 43.7 46.7 64.1 38.8 18.9 30.8 33 
May | 
No. leaves counted 125 140 — 135 139 I4I 
Per cent diseased 30:6 65:7 51.1 50.3 20 27.6 — 
May 2 
No. leaves counted 135 — 160 110 136 —— 149 128 
Per cent diseased 70.4 —— 60.6 50 47.1 —— 20.8 22.6 
May 4 
No. leaves counted 145 156 147 147 130 185 121 158 
Per cent diseased 36.6 - 24:7 53 35-4 4507 8.1 16.5 19.6 
May 6 
No. leaves counted 126 150 I5I 143 157 ISI 121 146 
Per cent diseased 78.6 22.6 23.8 23.7 34.3 3-9 10.7 23.9 
May 8 
No. leaves counted 138 160 145 154 175 127 142 138 
Per cent diseased 64:7 63:3 75.8 42.9 39.4 29.9 37-3 32.6 
May 10 
No. leavescounted 55 56 25 35 39 30 33 49 
Per cent diseased 82 71.4 84 So 38.5 26.6 42.4 51.1 


It will be seen from this table that all three spray materials applied 
May 6 were quite effective in controlling the rust. Trees sprayed 
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May 4 were fairly well protected, while those sprayed May 2 showed 
no benefit. 

Notes as to the number of rust spots per leaf show that they were 
much less numerous on the sprayed portions of the trees treated May 
4 and 6, but actual counts of them were not made. 

The only marketable York’ Imperial apples in this orchard were 
secured from the tree sprayed May 6. Unfortunately, there was 
practically no fruit on either the bordeaux or control portions of this 
tree. It was also noted that the amount of fruit on many other York 
Imperial trees in that section of the state was quite uneven this season. 

Counts of 600 apples taken from several unsprayed York Imperial 
trees showed an average of 85% of the fruit rusted, while there were 
practically no rusted fruits on the sprayed portions of the tree treated 
May 6. 

These investigations have definitely shown that apple rust may be 
controlled by the spray mixtures in common use, provided the applica- 
tion ts made at the right time. ‘The time during which effective spray- 
ing may be done is, however, very short, and rainy weather is apt to 
occur during a portion of that time. There are three things which 
must be carefully considered when spraying for this disease. ‘They 
are, condition of cedar apples, condition of apple foliage, and condition 
of weather. These three factors appear to be more closely related in 
apple rust infection than is the case with similar factors of many other 
diseases. Our investigations of the past season have shed some light 
on the correlation of these factors but more extended observations 
will be required before we would feel justified in reporting on this 
phase of the work or in making recommendations for the spraying of 
large orchards to control rust. 


DEPARTMENT OF PLANT PATHOLOGY, 
WEST VIRGINIA EXPERIMENT STATION. 
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PLATE XXIIJ.—Control of apple rust 


Fic. 1. Marketable fruit from sprayed portion of York Imperial tree sprayed 
May 6 at left. Total fruit from control portion of same tree at right. 

Fic. 2. Eighteen typical apples from sprayed portion of York Imperial tree 
treated May 6, at left. Same number of typical fruits from an unsprayed York 
Imperial tree, at right. 
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PLATE XXIV.—Control of apple rust 


Fic. 3. York Imperial tree sprayed May 6. 
Fic. 4. Typical York Imperial tree not sprayed for rust control. 
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ENDOTHIA VIRGINIANA 
P. J. ANDERSON AND H. W. ANDERSON 


In the last number of PHyTOPATHOLOGY there appeared an article 
by the writers' dealing with certain species of the genus Endothia. 
The ‘‘ Connellsville fungus’’ was shown to be at best a weak parasite 
and to differ in a number of ways from the form known as Diaporthe 
parasitica. It also differs from the southern form which has been 
determined by Dr. Shear to be the real Andothia radicalis. ‘The de- 
scription of the Connellsville fungus which was omitted from our 
previous paper is given below. 


_ Endothia virginiana n. sp. 


Stromata gregarious, tubercular-pulvinate, round, elliptical or elon- 
gate (especially on older bark) erumpent, orange or orange-red, 
younger unexposed stroma often yellow, sub-pulverulent. Perithecia 
deeply buried in the stroma, with long black necks having distinct 
ostioles appearing as black dots over the flattened surface of the stroma 
or the necks exposed in the form of spine-like projections ; perithecia 
300-450 ms in diameter. Asci sub-clavate, 8-spored, aparaphysate, 
32-37 in length. Ascospores irregularly monostichus or subdistichus, 
short-fusoid, hyaline, 2.4-3.1 x 6-7.2 m, straight, 1-septate, very 
slightly constricted. Pycnidia as superficial chambers in the stroma 
or as single pear-shaped bodies borne ona scattered mycelium. Conidia 
hyaline, very small, bacilloid, 1.6x 3.6 mw, oozing from the apex of the 
pycnidia in the form of yellow or orange thread-like masses. 

Collected near Connelisville, Penna., by P. J. and H. W. Anderson, 
July, r912. On dead bark and wood of Castanea dentata and Quercus 
velutina. Found commonly through southern Pennsylvania, West 
Virginia and Virginia. 

The Latin description is as follows : 

Stromatibus subrotundis v. irregularibus, confluentibus, erumpenti- 
bus, luteis v. aurantio-miniatis ; peritheciis atris, longicolliis, 350 » 
diam ; collis nigris, demum prominulis ; ascis clavatis, 32-37 » longi- 
tudine, 8-sporis, aparaphysatis; sporidiis irregulariter distichis v. 
submonostichis, breve fusoideis, hyalinis, 1-septatis, vix constrictis, 
2.4-3.1X 6-7.2¢Spermatiis minutissimis, oblongis, 1.6 x 3.6 hyalinis. 

Hab. in corticibus et ad ligna Quercus velutinae et Castaneae denta- 
tae in America Boreali. 


he chestnut blight fungus and a related saprophyte. Phytopath. 2: 204- 
210. Oct. 1912. 
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Type specimens deposited in the Department of Plant Pathology of 
Cornell University (Number 6178). Duplicates in the private col- 
lection of the writers and in the collection of the Pennsylvania Chest- 
nut Tree Blight Commission. 

The measurements and the form of the asci and ascospores were 
based on the examination of freshly collected specimens. After the 
specimens have dried in the herbarium the asci contract and the asco- 
spores often become distorted. This occurs in mature as well as 
immature specimens. 


Endothia parasitica (Murr.) n. comb. 


This combination is proposed as the name of the true chestnut blight 
organism. It was originally described by Dr. W. A. Murrill' as 
Diaporthe parasitica Murr. The writers are not the first to believe 
that the fungus belongs in the genus Endothia. Farlow’ discusses 
at some length the reasons for placing it in that genus and also states 
that Saccardo and Von Hohnel concur in this opinion. 


PATHOLOGICAL LABORATORIES OF THE PENNSYLVANIA 
CHESTNUT TREE BLIGHT COMMISSION 


1Torreya 6:189. 1906, 
2 Science, N. S., 35.:717-722. 1912. 
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A NEW FUNGUS ON THE APPLE 
W. ROBERTS 


While investigating the cause of a canker disease of the Yellow 
Newtown Pippin a fungus was isolated which proved not only to be 
the cause of the disease but to be a species hitherto undescribed. It 
appears also on the foliage and perhaps occasionally on the fruit of the 
apple, in which cases it might easily be mistaken for a Phoma or 
Phyllosticta. 

The globose rather large pycnidia of the fungus develop singly or 
in a raised stroma from one-half to one cm. across. A cross-section of 
a pycnidium shows a dark outer layer of large-celled fungous paren- 
chyma ; inside this is a thick, lighter-colored layer of rather loose 
texture, making up the bulk of the pycnidial wall ; next is a densely- 
woven olivaceous or brownish layer; and within is a closely woven 
hyaline layer. ‘The interior of the pycnidium is usually more or less 
plurilocular through the upward growth or invagination of the base or 
by a protrusion interiorly from the side. 

The spore masses when mature are extruded either in an indefinite 
cream-colored or yellowish mass, or in slender rope-like masses from 
one to four cm. long. 

Spores are of two kinds: those called 4 spores by Diedicke ‘are 
spindle-shaped or nearly so, measure 7—10 x 3-4 », mostly 8 x3 pn, 
contain two oil drops and are borne on cylindrical basidia measuring about 
20x 2.5m. They germinate readily in distilled water. Those which 
Diedicke designated as B spores and Shear’ scolecospores, are thread- 
like, curved at the centre, hooked at one end, sigmoid or nearly 
straight, and somewhat attenuate. They vary considerably in size, 
the average being 28 x 1.5m. Repeated attempts have been made to 
germinate these spores but without success. 

A pycnidium may produce spores all of one kind, but usually both 
kinds are found in the same pycnidium. A localization of the produc- 
tion of the two kinds of spores in separate portions of the same pycnid- 
ium, as mentioned by Diedicke, has never been observed. 

The fungus seems to differ essentially from other fungi described as 
occurring on the apple. Phoma mali, shown by Lewis* to cause a 


Diedicke, H. Die Gattung Phomopsis. Ann. Myc. 9 : 8-35. IgII. 
*Shear,C. L. The ascogenous form of the fungus causing dead-arm of the 


grape. Phytopathology 1: 116. 
SLewis, C. E. Apple diseases caused by Coryneum foliicolum and Phoma mali. 


Maine Agr. Exp. Sta. Bul. 170. 1909. 
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canker and soft rot of the apple, resembles it in the size of spores and 
growth on certain media, but differs from it in the absence of secondary 
spores, in the structure of the pycnidium and in having less tendency 
toward stroma formation. The reactions of the two fungi toward 
certain culture media are also very different. 

Accepting Saccardo’s diagnosis of the genus Phomopsis and 
Diedicke’s investigations of the genus, the fungus in question is clear- 
ly a Phomopsis. Of the described species of this genus the fungus 
resembles most closely Phomopsis ambigua. (Nits.) Trav. described 
as occurring on the pear and apple, but differs from it in having much 
larger secondary spores. It therefore seems best to the writer to de- 
scribe it as a new species as follows : 


Phomopsis mali sp. nov. 


Pycnidiis subglobosis, sparsis, gregariis vel in stromate, nigris, 
carbonaceis, plurilocellatis, ostiolatis., Sporulis subfusoideis, biguttu- 
latis, continuis, hyalinis, 7-10x Basidiis subulatis, 20x 2.5m. 
Sporulis ordinis secundi filiformibus, uncinatis vel sigmoideis, attenua- 
tis, 20-36 X 1. 5p. 

Hab. in ramis truncisque et foliis Piri mali in Virginia, America 
boreali. 

Pycnidia subglobose, scattered, aggregate or in a stroma, black, 
carbonaceous, plurilocular, ostiolate. Spores subfusoid, containing 
two oil drops, continuous, hyaline, measuring 7-10x 3-4. Basidia 
awl-shaped, measuring 20x2.5. Secondary spores thread-like, 
hooked or S-shape, attenuate, measuring 20-36 x 1. 5p. 


BUREAU OF PLANT INDUSTRY, 
U. S. DEPARTMENT OF AGRICULTURE, 
WASHINGTON, D. C. 
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CHESTNUT BLIGHT FUNGUS AND ITS ALLIES 
G. P. CLINTON 


It has recently been settled rather definitely by all who have studied 
the matter thoroughly that Diaporthe parasitica Murr. belongs more 
properly under the genus Endothia. Besides the true chestnut blight, 
there are in this country at least two other forms of Endothia, the 
linear-spored form, first pointed out by Farlow, and the narrowly-oval- 
spored form, first identified by the writer; while the broadly-oval- 
spored form is that of the true chestnut blight of Murrill. The Ander- 
sons, in their recent paper in PHYTOPATHOLOGY, also bring out 
these differences in the ascospores. Ina paper recently or soon to be 
published, the writer has called these forms (1) Exdothia radicalis 
(Schw.) Farl.; (2) Eudothia gyrosa (Schw.) Fr. (£. virginiana 
Anders.) ; and (3) Axdothia gyrosa var. parasitica (Murr.) Clint. So 
far as known, only the second of these has been found in Europe, 
where it occurs on similar hosts, Castanea and Quercus. The writer 
wishes to present in this paper information concerning certain specimens 
recently brought to light by him in the Schweinitzian collections at the 
Philadelphia Academy of Science, also to give the present known dis- 
tribution and hosts of these three forms. 

Farlow, Shear and the Andersons have examined the specimens of 
Sphaeria radicalis and S. gyrosa in the Philadelphia Academy of 
Science, and they all found that the single specimen of the former, 
while a true Endothia, had only the Cytospora stage. The one speci- 
men found under the name S. gyrosa, they agree, is not an Endothia, 
but a species of Nectria. The writer's examination confirmed these 
conclusions. He is indebted to Mr. Stewardson Brown, the curator, 
for the privilege of examining the regular set and also all the mis- 
cellaneous unmounted specimens of Schweinitz. The Schweinitzian 
type specimens as they now stand were remouuted by a special com- 
mittee on fungi, some time after their presentation to the Academy upon 
Schweinitz’s death. This committee mounted each specimen exposed 
on a piece of paper on which they wrote the name, locality, and number 
referring to description in Schweinitz’s N. A. F. These were then 
placed in order on the inner halves of folded sheets having ten spaces 
marked off in two rows. Where there was a specimen missing, the 
corresponding space was left blank. These sheets were placed in port- 
folios numbered according to Schweinitz’s classification. 
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Schweinitz originally had his specimens in folded packets which had 
on the outside a list of the species, arranged according to his N. A. F. 
Several of these packets, each containing from twenty-five to fifty small 
loose envelopes, were tied together in a portfolio. On the outside of 
the small envelopes containing the specimens, in Schweinitz’s own hand- 
writing, were the name of the fungus and other meager data, usually 
locality and host. Fortunately, the committee, on remounting these 
specimens, did not destroy the original envelopes ; they left them just 
as Schweinitz had them, and sometimes even left part of the specimens 
in them, 

Referring back to these envelopes, we found that the one originally 
containing the specimen of Sphaeria radicalis had on it in Schweinitz’s 
writing the name of the host,—‘‘in rad. Quercuum,’’ which had not 
been copied on the label with the type. This clears up a misunder- 
standing, since when Schweinitz published his description of this species 
he gave the host as roots of Fagus. The host is evidently Quercus and 
not Fagus, for no one since has found the fungus on Fagus, while 
Quercus is a common host. 

Looking up the original envelope of S. gyvosa, we found this threw 
some light upon the New England specimen that Schweinitz received 
from Torrey, mentioned under No. 1431 of his N. A. F. as S. gyrosa. 
This envelope contains in Schweinitz’s writing in faded ink the follow- 
ing: ‘‘ Sphaeria gyrosa Salem.’’ In darker ink, evidently 
written some years after, the words were added :—‘'& Nov. Anglia 
Tr. cum Tuberc. velutipes in Nov. Anglia.’’ This shows that Schwein- 
itz when he received the specimen from Torrey put it in the original 
envelope of the Salem type, which he had then evidently lost, and 
so mistook the Torrey specimen to be the same, and added the above 
note, which applies to the specimen now mounted, which the commit- 
tee labeled, —‘‘ 1431-283. Syn. Fung. Sphaeria gyrosa Schw. Salem- 
N. Engl.’”’ 

The question arises, what became of Schweinitz’s original type speci- 
men of S. gyrosa from Salem. ‘The writer thinks he has solved this 
mystery. Specimens are very easily lost out of such envelopes as 
Schweinitz used. He, in common with botanists of his time, made ex- 
changes with numerous other collectors, hence the specimens in the 
Fries herbarium at Upsala and the Curtis herbarium, now at Harvard. 
Apparently one of the best sets that Schweinitz gave to another botan- 
ist was that presented to Collins of Pennsylvania, and this included a 
nearly complete set of his Sphaerias, as well as some other genera. The 
small envelopes which contalned these specimens. were enclosed in neat 
white packets, better than Schweinitz’s own, on the outside of which 
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appeared in Schweinitz’s own writing the list of contained species and 
also those of his N. A. F. that were missing. Both S. gyrosa and S. 
radicalis are listed with the missing species. However, in the envelope 
Sphaeria enteromela, No. 12 of Packet 1, 1 found, besides a typical 
specimen of S. exteromela, that agrees with the three specimens mounted 
in Schweinitz’s collection and exactly matches the wood of one of them, 
a fine specimen of Endothia (apparently on oak, but unfortunately only 
in its Cytospora stage) which it seems to me may be the missing speci- 
men of .S. gyrosa lost from Schweinitz’s own collection. Mr. Brown 
informed me that this collection came into the possession of the Academy 
after the death of Collins in 1831 ; apparently it had not been seen by 
those who had examined the Schweinitz specimens, since Mr. Brown 
had overlooked this collection previously. 

Besides this set, there are also numerous other specimens of Schwein- 
itz that have never been mounted, and some of these may perhaps 
be species missing in Schweinitz’s own herbarium, though we were un- 
able to find among them any additional specimens of .S. vadicalis or S. 
gyrosa. However, in Schweinitz’s own set we did find under a different 
name another specimen which is merely the Cytospora (Endothiella) 
stage on wood of -ndothia radicalis. ‘This is labeled,—‘‘ 840-97. Syn. 
Fung. Peziza cinnabarina Schw. Salem.’’ In his descriptionin N. A. 
F., Schweinitz states that this is on the wood of Liquidambar, a host 
on which Ravenel, Earle, and Ellis have since collected -Andothia radi- 
calis. Schweinitz originally (Syn. Fung. Car. No. 1193) apparently 
thought this the same as P. fammea, Consp. Fung. N. p. 319 t. 1. f. 6. 
Saccardo later (Syll. Fung. 8: p. 399) placed it among imperfectly 
known species of Lachnella, 1. cinnabarina, 

Through the kindness of Dr. Murrill, the writer has also examined 
the specimens of Endothia in the New York Botanical Garden. From 
these sources, the writings of others, correspondence with Professor 
Farlow, and our own observations, we have been able to gain a fair 
idea of the hosts and distribution of the three forms as they occur in 
this country. In addition to these three, a fourth form has been 
described by Earle (Muhl. 1901:14) from Porto Rico, on bark of 
fallen trees. Specimens of this species show very long, exposed, beak- 
like ostioles, with the stroma reduced to the minimum ; while the most 
northern of our Endothias shows a maximum development of the stroma, 
with the least exposure of theostioles. No doubt with the latter these are 


-adaptive characters giving greater protection to the ascospores against a 


colder climate, since specimens collected in the Southern States some- 
times show a gradation in these characters between the northern form 
and that found in Porto Rico. 


" 
| | 


| 
| 


268 PHYTOPATHOLOGY [VOL. II, NO. 6 


(1) The linear-spored Endothia, 4. radicals (Schw.) Far. 

Perhaps most of the specimens called Exdothia gyrosa in American 
herbaria come under this species, though it is impossible to say defi- 
nitely, since many of them are represented only by the Cytospora stage. 
So far as we have seen ascospore specimens, these have come from the 
South, and give a known distribution from Mississippi and Florida to 
North Carolina. The following are referred definitely to it : On Quer- 
cus sps., La. (Farlow), Miss. (Earle, Tracy), Ala. (Earle), Fla. 
(Calkins, Thaxter, Mrs. Curtis), So. Car. (Ravenel, Rolfs, Hall, Jen- 
kins), No. Car. (Schweinitz type S. vadicalts, Anderson) ; on Liqui- 
dambar sp., Ala. (Earle), So. Car. (Ravenel), No. Car. Schweinitz) 
type P. cinnabarina), N. J. (Ellis). There are also Cytospora speci- 
mens of either this or the next species in the New York Botanical Gar- 
den herbarium on Quercus sps. from Ohio (Morgan), Kan. (Swingle), 
and Calif. (Q. agvifolia, Baker) ; and on Vitis sp. from Ala. (Earle 
and Uuderwood). The writer has had under observation for nearly a 
year a fungus on the roots of Quercus rubra in Connecticut that has 
failed to produce the asco-stage on its host, but when grown in cultures 
looks like this species. Apparently this species has not yet been found 
in Europe. 

(2) The narrowly-oval-spored Endothia, £. gyrosa (Schw.) Fr. 

So far as we have learned, this fungus occurs from North Carolina 
to southern Pennsylvania ‘The hosts and distribution are as follows: 
On Castanea dentata, No. Car. (Clinton), Tenn. (Clinton, Anderson), 
Va. (Clinton, Rankin, Spaulding, Anderson), W. Va. (Giddings, An- 
derson), Penn. (Detwiler, Anderson) ; on Quercus alba, D.C. (Clin- 
ton), No. Car. (Clinton) ; on Q. velutina, D. C. (Clinton) ; on Quercus 
sps., D. C. (Clinton), Va. (Clinton), No. Car. (Clinton) ; on Fagus 
[?] and Juglans [?], No. Car. (Schweinitz type S. gyrosa). It also 
occurs in France, Italy, Switzerland, and perhaps other European 
countries, on species of chestnut and oak. Specimens from Germany 
and further north seem to produce the Cytospora stage only. Saccardo 
gives the hostsand distribution as follows :—xdothia gyrosa on AE scu- 
lus, Alnus, Carpinus, Castanea, Corylus, Fagus, Juglans, Quercus, and 
Ulmus, from North America, Europe, Ceylon and New Zealand,’’ but 
just how many of these really refer to the species under consideration 
is a question that only an examination of asco-material can determine. 

(3) The broadly-oval-spored Endothia, gyvosa var. parasitica 
(Murr. ) Clint. 

This is the true chestnut blight of the northeastern United States. 
It seems to be the most northern of the three, and as yet has not been 
recognized outside of the United States. Its hosts and distribution here 
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as determined by the writer and others are as follows:—On Castanea 
dentata, N. H., Mass., R. I., Conn., N. Y., Penn., N. J., Del., Md., 
D. C., Va., W. Va.; on cultivated C. sativa, not uncommon, and on C. 
crenata, rarely, in Conn., N. Y., and probably elsewhere ; also reported 
by Dr. Morris as rarely on cultivated C. pumzla and C. alnifolia in 
Conn.; on Quercus alba, Conn. (Clinton) ; Q. rubra, Conn. (Clinton): 
QO. velutina, Penn. (Fulton, Detwiler). 


CONNECTICUT AGRICULTURAL 
EXPERIMENT STATION, 
NEw HAVEN, CONN. 
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ETIOLOGY OF CROWN GALLS ON SUGAR BEET 


ERWIN F. SMITH 


In the Zettschrift fir Zuckerindustrie in Bohmen for October and 
November, 1911, is a paper by Dr. Karl Spisar, entitled Ueber die 
Bildung des Zuckerriiben-Kropfes, in which he maintains the beet gall 
to be due to mechanical injuries, but hedges to the extent of saying : 
‘“Damit will ich jedoch nicht gesagt haben, das die Kropfe einzig und 
allein nur auf diese Art und Weise entstehen mussten.’’ The paper is 
the result of laborious experiments covering a period of years. The 
first nine pages deal with the general history of crown galls. The 
remaining thirty-two pages are devoted to the author’s own work. 

Spisar had over 5,000 beets in his experiments, on which individual 
protocols were kept, but if he had had 50,000 with similar results it 
would not, in my opinion, establish his contention, for several reasons. 

Of our own work he says that we failed to obtain any experimental 
proof of the bacterial origin of the gall on the sugar beet (ignoring the 
meager but positive proofs shown in Plate 36 of Bur. Pl. Ind. Bull. 
213, and the corresponding statements in the text). He says further 
that our tumors on sugar beets have a different appearance from his 
and are probably of entirely different origin. The only differences he 
points out are the accidental and trivial ones that those we figured 
) showed more than one center of growth, and are attached by a broader 
base. He states (p. 8) that his galls are a/ways attached to the beet 
| by a neck, but soon after contradicts this statement both in text and: 
figures (pp. 15, 16, and 17). He also contradicts it on page 69 where 
| he says: ‘‘ The form, size and color of the galls, as well as their loca- 
| tion on the root, may be extremely varied. * * * No purpose is 
served by grouping the beet galls according to their forms, as various 
authors have done, for we know now, that all hitherto observed beet 
root galls have the same origin, that they are ca//us formations which 
have arisen through wounding of the beet root, in which the heaping 
up of food plays a part ; the form and size of the gall is not decisive.’’ 
His figures resemble ours. 

In reading Spisar’s paper one is struck first of all by the small 
number of well-developed galls he obtained, 7. ¢., from the 5,000 
wounded plants ‘‘5 large galls and 12 beets with almost full-grown 
galls.’’ ‘This is not a very remarkable showing, considering the great 
number of wounds made. It is true that on one of his fields (sandy 
land) he reckons 21 per cent. of successes, on another (moderately 
fertilized ) 53 per cent., and on a third (heavily manured ) 76 per cent., 


| 


DECEMBER, 1912] SmITH: CROWN GALL ON SUGAR BEET 271 


but this is only by counting as galls all slight over-growths, to which 
he admits the beet is very subject (p. 67). Indeed, Spisar speaks of 
his large per cent as beets, bed denen jedoch die Dimensionen der Kropfe 
die Grasse einer gewohnlichen Kallus nicht ueberschritten hat. Appat- 
ently if the callus was not corked over when examined it was reckoned 
as a gall. 

Because he came to the conclusion that one wound was not sufficient, 
he made two parallel ones, cross or longitudinal, of varying depths 
and breadths, for the most part in the crown. The galls sometimes 
grew out of the whole cut surface, sometimes out of a single limited 
portion of it. The former were especially common. The author states 
that by similar wounding he has produced ‘‘ Wurzelkropfe’’ on the 
carrot. : 

The most remarkable fact, however, in his paper, and the most un- 
accountable one, admitting the author’s premises, as well as the one to 
which he pays least attention, is his failure to obtain galls on any of 
the wounded beets ina fourth field. Concerning the experiment in 
that field, at Uholitky near Prag, he says: ‘‘I must at the same time 
remark that it yielded no satisfactory results, for beyond the ordinary 
healing of the wounds on the beet roots operated upon, true Kropfe 
were not observed on them.’’ 

What Spisar fails to explain is why, out of hundreds of thousands 
of wounds occurring naturally in fields of sugar beets between spring 
and autumn, as the result of cultivation, insect injuries, unequal 
growth, etc., only now and then one results in a gall. The best he can 
do is to offer the following : ‘‘ Auf Grund solcher Erfahrungen miissen 
wir annehmen, dass in solchen Fallen noch einige zur Kropfbildung 
unbedingt notwendige Bedingungen fehlten.’’ 

In another place he says: ‘‘I am of the opinion that every sort of 
wounding can lead to gall-formation, if in addition the disposition is 
present.’ 

I quote also as follows: ‘‘ The facts cited show sufficiently it is 
hoped that the cause of the gall-formation in the sugar beet is to be 
sought in the wounding of the tap root.’’ But further on he says, as 
earlier in the paper: ‘‘ Nevertheless I will not presume that the Kropf 
of the sugar beet can arise ov/y in the manner indicated, viz., through 
wounding.’’ And further: ‘ The gall-formation depends first of all 
upon the nature of the soil in which the beet-plants grow, then ox the 
amount of motsture in the same, on the age of the root, and on the size 
of the wound. But the internal conditions must not be overlooked for 
it happens very often, that in spite of all favorable external factors no 
gall arises. Perhaps there are involved other yet unknown factors, 
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which favor or restrict gall-formation.’’ And again: ‘‘ Dass die in- 
nere Disposition ftir die Kropfbildung wichtig ist, bleibt unbestreitbar ; 
naheres lasst sich dartiber jedoch nicht sagen.’’ 

The following statements are also interesting: ‘‘It is generally 
known that in one year the beet root gall occurs abundantly, again in 
other years it israre! Cases are known where on one field galled beets 
have been numerous, while on another in the vicinity none have ap- 
peared. H. Briem has also called my attention to this fact ; in the 
year 1909 there were no galled beets in the beet fields in Uholitky , 
while close by, at Jené, they were observed in numbers.’’ 

If we admit, for argument’s sake (and there is no evidence to the 
contrary ) that a gall-causing organism, liable to be introduced through 
wounds, was present in the three fields first mentioned, then Spisar’s 
argument falls to the ground. Moreover, why did no galls appear on 
the wounded beets in the field at Uholtiky? Answer: Because the 
causal organism was not present in the soil of that field. 

To such objections I cannot see that his paper affords any satis- 
factory answer. We may admit, for argument’s sake, and this I am 
quite willing to do, that Spisar’s galls on beets are not of bacterial 
origin, and even that they are due simply to wounds, leaving the 
question an open one, but the evidence in favor of these two con- 
tentions (whether feeble or strong) is not materially strengthened by 
Spisar’s experiments. 

All that Spisar has really established beyond cavil is that the crown 
gall sometimes follows wounds, a fact already known. 
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PHYTOPATHOLOGICAL NOTES 


Aerial Isolation and Inoculation with Pythium debaryanum. In 
October, 1911, Pythium debaryanum was isolated by exposing plates 
at a height of thirty feet above ground. Inoculations with cultures of 
the fungus thus obtained from the air were made by puncturing with a 
needle individual seedlings grown on heat-sterilized soil, and applying 
small masses of mycelium directly to the seedlings. Results were as 
follows : 

Picea canadensis: 100 inoculations, 15 effective. 

Pinus ponderosa: 100 inoculations, 22 effective. 

Inoculations were also made with cultures secured from other 
sources, by applying masses of mycelium to marked points in trays of 
sterilized soil on which coniferous seedlings had been sown. Results 
were as follows : 

Culture taken from cabbage plants : 

Picea canadensis: Inoculation at 50 points ; 24 effective. 
Pinus ponderosa : Inoculation at 50 points ; 14 effective. 

Cultures taken from Sa/sola tragus - 

Picea canadensis ; Inoculation at 50 points ; 32 effective. 
Pinus pondorosa : Inoculation at 50 points ; 20 effective. 

Cultures taken from radish : 

Picea canadensis ; Inoculation at 50 points; 18 effective. 
Pinus ponderosa : Inoculation at 50 points ; 7 effective. 

No infection occurred except at points of inoculation. 

Jutius V. HOFMANN 


Dr. E. S. Reynolds, recent assistant professor of botany in the Uni- 
versity of Tennessee, has been appointed associate professor of botany 
in the University of North Dakota. Dr. Ira H. Cardiff, recently pro- 
fessor of biology in Washburn College, has been appointed associate 
professor of plant physiology and bacteriology in the State College of 
Washington. Dr. B. M. Duggar, recently professor of plant physi- 
ology in Cornell University, has been appointed professor of plant 
physiology and applied botany in Washington University, succeeding 
Dr. Geo. T. Moore, who is now Director of the Missouri Botanic Garden. 
Dr. H. B. Humphrey, plant pathologist of the Washington State Ex- 
periment Station, has been appointed head of the department of botany 
of the college and station. Mr.C. P. Smith, recently instructor in plant 
pathology in the College of Agriculture of Cornell University, has been 
appointed associate professor of botany in the Maryland Agricultural 
College and seed analyst to the Maryland State Board of Agriculture. 
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John S. Boyce, and Miss Ruth M. Bates, recently graduate students 
in the University of Nebraska, have been appointed scientific assistants 
in Forest Pathology in the Bureau of Plant Industry. Mr. Boyce’s 
address is care of Forest Service, San Francisco, California; Miss 
Bates’ address, Forest Products Laboratory, Madison, Wisconsin. 
Dr. I. E. Melhus, recently instructor in plant pathology in the Uni- 
versity of Wisconsin, has been appointed pathologist in the Bureau of 
Plant Industry to take charge of potato disease investigations. Mr. M. 
Shapovaloy, recently a graduate student in the University of Wiscon- 
sin, has been appointed assistant in plant pathology in the Maine 
Experiment Station. 


Mr. A. B. Brooks, former State Forester of West Virginia, and 
Mr. C. L. Brooks, have been appointed by the Office of Forest Path- 
ology of the U. S. Department of Agriculture in cooperation with the 
Department of Plant Pathology of the West Virginia Experiment Sta- 
tion to conduct investigations concerning the Chestnut Bark Disease 
in this State. They have already found a badly diseased area at the 


extreme eastern border of the State. 
( 


Prof. T. J. Burrill has retired under a Carnegie pension after active 
service in the University of Illinois for over forty years. At its last 
commencement the University of Illinois conferred on him its honorary 
degree of Doctor of Laws. Dr. Burrillis widely known for his pioneer 
work on pear blight, having been the first scientist to recognize a 
bacterial disease in plants. 


Notice TO MEMBERS. The fourth annual meeting of the American 
Phytopathological Society will be held in conjunction with the Ameri- 
can Association for the Advancement of Science, at Cleveland, Ohio, 
December 31, 1912, to January 3, 1913. The members of our Society 
are invited to meet with Section G., A. A. A. S., Tuesday, 2:30 P. M. 
Dec. 31. Our sessions will be held in the City Hall Wednesday, 
Thursday and Friday. ‘The pathological exhibition, which was such 
an interesting and successful feature of the Washington meeting will 
be continued at Cleveland. Correspondence and exhibits should be 
addressed to Mr. John Boddy, City Hall, Cleveland, Ohio. Facilities 
will be provided for displaying exhibits of all kinds. 

C. L. SHEAR, Secretary-Treasurer 
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REVIEW 


Smith, Erwin F., Brown, Nellie A., and McCulloch, Lucia. The 
structure and development of crown gall: A plant cancer. U. S. 
Dept. Agric., Bur. Pl. Ind. Bul. 255. 109 plates, 2 text-figures. 
June 29, 1912. 

This bulletin treats of the histology of crown gall. It is noteworthy 
in that it is illustrated by a remarkable series of plates all reproduced 
from photographs and most of them from photomicrographs, aiming 
to present the original evidence upon which the conclusions are based. 
It is assumed that the reader is conversant with the earlier bulletin 
from the same laboratory (No. 213) concerning the general nature of 
this disease and the bacterial parasite which causes it. The parasite 
has been isolated from 24 species of plant and proved to be either one 
polymorphic species (Bacterium tumefaciens) or several closely related 
ones. The infectious nature of the organism has been shown by 
hundreds of inoculations. 

The morphology and biology of the tumor receive special considera- 
tion. The matters of major interest are, (1) The development of 
secondary tumors, which in some cases arise at considerable distance 
from the primary and may be in other organs; e. g., the primary 
tumors on the stem and the secondary on the leaf. (2) The occur- 
rence of tumor strands extending from the primary tumor in various 
directions through the normal tissue. In the substance of these 
deep-lying strands the secondary tumors develop and rupture’ their 
way to the surface. The secondary tumor shows the structure of 
the primary tumor, even when located on another organ; e. g. if 
the primary is on the stem and the secondary on the leaf, this latter 
shows a stem type of structure. (3) The parasite has been shown to 
occur within the cells, not only in the primary tumor but also in the 
secondary tumor and inthe connecting strand. ‘The parasite does not 
occur in all of the cells in the diseased tissue and its differentiation 
has proved extremely difficult. After trying in vain the various aniline 
dyes, the authors accomplished this by gold chloride impregnation. 

Foflowing these established facts, the authors suggest two hypotheses 
of interest. The first aims to account for the variable character of the 
galls. It is suggested that this is determined by the character of the 
tissue first infected. If this consists of meristem giving rise to 
tracheids, a hard gall is developed, whereas, if the cells first infected 
are mother cells of the medullary rays a soft gall may arise. In the 
second place it is suggested that the stimulus to hyperplasia may take 
place through the delicate adjustment of opposing forces, first the 
parasite and then the host having the advantage. The details of the 
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hypothesis by which this is explained are developed in an ingenious 
manner with evidence from cultural studies in their support. These 
include the development by the bacteria of an acid which kills some of 
the organisms. From the dead bodies endotoxins escape and these or 
other products stimulate nuclear divisions of the host cells. These 
nuclear changes in turn may incite the dormant bacteria into renewed 
activities in the daughter cells until once more inhibited or killed, 
whereupon the daughter cells again divide. Thus it is evident that, 
while it is the rapidly proliferating host cells which do the mischief, 
they are impelled to this pathological behavior and continued division 
by the stimulus of the invading organism, which in turn passes into 
the daughter cells to repeat the process indefinitely. 

The authors point out that in these neoplastic growths crown gall 
stands in the same category as animaltumors. They term it, therefore, 
a plant cancer, although not implying that the parasite of crown gall 
has anything to do with human cancer. Whether or not investigators 
of human cancer accept the authors’ belief that human cancer is due 
to a cell parasite, they must give careful consideration to this evidence 
and to the methods of research upon which this is based. We can at 
least be sure that this publication must reopen the whole question of 
parasitism in relation to cancer, and secure its critical reinvestigation 
along the line suggested by Dr. Smith’s methods. Such an outcome 
will justify the statement of Dr. Galloway, in his letter of transmittal, 
that the work is of ‘‘ the first magnitude in pathology.’’ 

L. R. JONES 


[PHYTOPATHOLOGY, for October, 1912 (2: 181-216, p/s. XVII-XX) was issued * 
October 30, 1912.] 
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INDEX TO VOLUME II 


New scientific names are printed in full face type 


Abies amabilis, 78; arizonica, 78 ; bal- 
samea, 77, 78, 93; concolor, 76, 77, 
78, 79; grandis, 76, 77, 78, 79, 215; 
lasiocarpa, 76, 77, 78; magnifica, 78, 
79; nobilis 77, 78; shastensis, 76, 78 

Acer, branch disease of, 93; culturing 
Diaporthe on, 205; glabrum, 15, 75; 
macrophyllum, 15, 75, 76; negundo, 
15; pennsylvanicum, 75; sacchari- 
num, 75, 76; saccharum, 75, 76; spi- 
catum, 75, 76 

Aecia, 15 ; on Oxalis, 164, 169; on Viola, 
164 

Aecidium ceanothi, 13 ; pedatatum, 20 ; 
sagittatuim, 167 

Aerial isolation and inoculation with 
Pythium debaryanum, 273 

Aesculus, 268 

Albugo, 129; candidus, 19 

Alchemilla, mildew on, 85; alpigena, 
86; alpina vera, 86: conjuncta, 86; 
connivens, 86; fallax, 86; flexicaulis, 
86 ; impexa, 86; micans, 86; nitida, 
86; pastoralis, 86; pubescens, ‘6 

Alfalfa, bacterial disease of, 12 

Alnus, 268 ; acuminata,75 ; oregona, 75, 
76; rhombifolia, 75 ; tenuifolia, 75 

Alternaria, 8, 51, 52, 67, 182, 183 ; fasci- 
culata, 52 

Alyssum, see Lobularia 

Amaranthus retroflexus, culturing Cys- 
topus on, 200 

Amelanchier, 15 ; alnifolia, disease of, 17 

American Phytopathological Society, 
Report of, 43 

Anderson, P. J., Cement dust injury to 
fruit trees (abstract), 45 

Anderson, P. J. and Anderson, H. W., 
The chestnut blight fungus and a re- 
lated saprophyte, 204; Endothia 
virginiana, 261 

Andropogon, rusts on, 13, 164 ; furcatus, 
164, 168; sorghum, smuts on, 98; 
virginicus, 20, 164, 165, 166 

Anthracnose, cotton, 23 ; citrus, 217 

Aphanomyces levis, 96 

Aphis, on sweet pea, 157, 158 

Apple, diseases of, 5, 6, 49, 56, 181, 263 ; 
inoculation with Gloeosporiums, 153 

Apple fruit spot and quince blotch, 63 

Apple rust, control of by spraying, 253, 
258 

Apple scab infection as correlated with 
maturity of ascospores, weather con- 

ditions, and development of fruit buds, 


94 
Apricot, disease of, 6 


Arabis alpina, 141 

Araliaceae, Thielavia on, 193 

Arctostaphylos, heart rot of, 75 

Armillaria mellea, 6 

Ascochyta, pisi, 46 

Ash, see Fraxinus 

Asters, Thielavia on, 192 

Atomizer. 

Autochrome plate, use in plant pa- 
thology, 98 

Avena, mildew on, 81 ; rust on, 47, 201 

Bacillus amylovorus, 215; carotovorus, 
215; coli, 215 ; cubonianus, 175; mel- 
anogenes, 215; melonis, 9, 215; ole- 
raceae, 215; omnivorus, 215; phyto- 
phthorus, 213, 214, 215 ; solanisaprus, 
215; subtilis, 214, 215; typhosus, 214 

Bacillus coli, a cause of plant disease, 175 

Bacterial mulberry blight, 175 

Bacteria, 7, 272; alfalfa, 12; gladiolus 
bulb, 19; legume nodule, 162; new 
method of staining, 214; olive knot, 
101 ;onion rot, 176 ; potato, priority of 
isolation, 213 ; relation of Oospora to, 
97; relation to plant diseases, 161; 
Schiff’s olive organism, 215 

Bacterium beticolum, 215; malvacea- 
rum, 23,98; michiganense, 10; mori, 
16, 1-5; savastanoi, 96, 102, 104, 105, 
215; solanacearum, 10 ; stewarti, 215; 
tumefaciens, staining of 127, 128; 
xanthochlorum, 215 

Bain, Samuel, M. Use of the auto- 
chrome plate method in plant pathol- 
ogy (abstract), 98 

Bamboo, disease of, 13 

Banana blight, 7 

Barbarea stricta, 142 

Barley, see Hordeum 

Barrett, J. T., A serious root disease of 
radish (abstract). 96 

Bartholomew, E. T., Apple rust con- 
trollable by spraying, 253 

Beckwith, T. D., Root and culm infec- 
tions of wheat by soil fungi in North 
Dakota, 90 

Beets, curly top, 11 ; crown gall, 270 

Betula lenta, 75; lutea, 75, 76; nigra, 
75; occidentalis, 75, 76; papyrifera, 
75; populifolia, 76 

Bignoniaceae, Thielavia on, 193 

Birds, relation to olive knot, 103 

Bitter rot, see apple and pear 

Black, Caroline A., see Brooks, Charles 

Blackberry, root rot of, 6 

Blackleg, cabbage, 8, 46; cauliflower, 
8; potato, 92 
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Bladder senna, 14 

Blister rust, white pine, 17, 47 

Bloom-dropping, citrus, 223 

Blotch, quince, 63 

Boddy, John, Experiments in the use 
of asphaltum and other sunstances as 
dressings for wounds of trees (title), 
47 

Boll rots, cotton, flower infection with, 
23, 98 

Bordeaux mixture, 177; for apple leaf 
spot, 55, 190 ; for apple rust, 254, 258; 
covering power of precipitation 
membranes, 32; for olive knot, 104; 
for potatoes, 45, 252; on spores of 
Phytophthora, 46 

Botanical exhibits by the Connecticut 
Agricultural Experiment Station, 44 

Botrytis, 19, 20; cinerea, 6, 8; dou- 
glasii, 215; paeoniae, 19; vnigaris, 18 

Botrytis on conifers in the northwest, 
215 

Box-elder, see Acer 

Brassica, 141; alba, 129, 140; arvensis, 
140; campestris, I41, 142; napus, 
141; nigra, 141; oleracea, 129, 138, 
139, 140, 141, 142; oleracea var. ace- 
phala, 140, 141; oleracea var. botry- 
tis, 139, 140, 141; oleracea var. capi- 
tata, 139, 140; oleracea var. caulorapa, 
140, 141; oleracea var. gemmifera, 
I41; pe-tsai, 140; rapa, 138, 140, 
I4I, 142 

Brooks, Charles and Black, Caroline 
A., Apple fruit spot and quince blotch, 
63, 95 

Brooks, Charles and DeMeritt, Marga- 
ret, Apple leaf spot, 181; Some notes 
on Sphaeropsis malorum (abstract), 


94 
Brussels sprouts, see Brassica 


Cabbage, 129, 138; black leg, 8; mal- 
nutrition diseases, 11; Pythium on 
273 ; resistance of different varieties 
to club root, 140 

Caeoma, on Larix, 94; sagittatum, 167 

Calyptospora columnaris, 94 

Camelina dentata, 140; microcarpa, 141 

Canker, apple, fungi associated with 5, 
49, 263; citrus, 223; peach, 6 

Capsella bursa-pastoris, 138, 141 

Cardinal temperatures for the germina- 
tion of uredospores of cereal rusts, 47 

Carpinus, 268 ; caroliniana, rot of, 75 

Carrot, crown gall of, 271 

Carya, disease of, 15 

Castanea, 265, 268; alnifolia, 269; 
crenata, 269 ; dentata, 261, 268, 269; 
leaf spot, 92; rot, 74, 76 ; pumila, 269 ; 
sativa, 269 ; see chestnut bark disease 


Castanopsis chrysophylla, heart rot of, 
/ 

Castilla elastica, disease of, 14 

Castilleja, Cronartium on, 177 

Catalpa, wood rot of, 114 

Cauliflower, blackleg, 8, see Brassica 

Cause of stem-end rot of citrus fruits 
(Phomopsis citri n. sp.), 109 

Ceanothus americanus, 13 ; ovatus, 13 

Ceara, oedema of, 131 

Cedar, see Juniperus 

Celtis mississippiensis, heart rot of, 76 

Cement dust injury to fruit trees, 45 

Centaurea cyanus, rust on, 18 

Cercospora, 20; beticola, culturing of, 
202 

Cereal rusts, germination of uredo- 
spores, 47 

Chamaedorea, 19 

Charlock, see Brassica 

Cheiranthus cheiri, 139 

Cherry, disease of 6 

Chestnut bark disease, 91, 93, 97, 99, 
100, 128, 274; fungi of, 88, 204, 211, 
262 ; origin of, 89, 212 : 

Chestnut blight and its allies, 265 

Chives, rust an, 9 

Chlorosis, 11 

Chrysanthemum, disease of, 18, 20 

Chrysophlyctis endobiotica, 9 

Chytridineae, 10 

Citrus, diseases of, 7, 109, 217; auran- 
tium, 113; decumana, 113; limetta, 
232; limonis, 231, 232; medica, 217, 
232; medica var. acida, 231, 232; 
medica var. limetta, 232 ; nobilis, 113 

Cladosporium gramineum, 12; herba- 
rum, 51, 57; subnodosum, Io 

Clausen, Roy E., A new fungus con- 
cerned in wither tip of varieties of 
Citrus medica, 217 

Claviceps paspali, 13; rolfsii, 13 ; trip- 
saci, 13 

Clinton, G. P., Botanical exhibits by 
the Connecticut Agricultural Experi- 
ment Station (abstract), 44; Noteson 
some heteroecious rusts of Connecti- 
cut (abstract), 94; Chestnut blight 
and its allies, 265 

Club root, 46, 138 

Cocoa, disease of, 13 

Collards, see Brassica 

College course in plant pathology, 150 

Colletotrichum, 19; andropogonis, 12 ; 
cradwickii, 13; falcatum, 11, 12; 
gloeosporioides, 154, 156, 159, 217, 
227, 228, 229, 232; lagenarium, 154, 
156, 159; lindemuthianum, 154, 155, 
156; lineola, 12; nigrum, 154, 159; 
phomoides, 154, 156, 159 
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Collins, J. Franklin, Some observations 
on experiments with the chestnut 
bark disease (abstract), 97 

Colutea arborescens, rust on, 14 

Comparative susceptibility of crucife- 
rous plants to Plasmodiophora brassi- 
cae, 138 

Compositae, Thielavia on, 193 

Conifers, diseases of, 14, 77; Botrytis 
on, 215; rust on, 176 

Coniothecium scabrum, 8 

Coniothyrium pirina, 5, 50-62, 181, 182, 
183 

Connecticut Experiment Station, Ex- 
hibits of, 44 

Conringia orientalis, 141 

Control of apple rust by spraying, 253, 
258 

Control of the blackleg disease of the 
potato, 92 

Cook, Mel. T., and Taubenhaus, J. J., 
The relation of certain parasitic fungi 
to the age and development of the 
host plant (abstract) 98; The toxicity 
of plant acids and enzymes (title), 93 

Cordley, A. B., Some results of lime- 
sulphur research in Oregon (title), 45 

Coreopsis tinctoria, mildew on, 18 

Corn, culturing Puccinia on, 202 

Cornflower, 18 

Cornus nuttallii, heart rot of, 75 

Correlation between certain species of 
Puccinia and Uromyces, 48 

Coryius, 268 

Coryneum, 51, 182; foliicolum, 5, 51-62, 
182 

Cosmos bipinnatus, blight of, 18 

Cotton, anthracnose, 23, 98; boll rots, 
flower infection with, 23, 98 

Covering power of the precipitation 
membranes of Bordeaux mixture, 32 

Crataegus, 15; pringlei, 15 


‘Cress, see Thlaspi 


Cronartium coleosporoides, 177; fila- 
mentosum, 177 ; quercuum, 94 ; ribi- 
cola, 17, 47, 94 

Cronartium associated with Perider- 
mium filamentosum Peck, 176 

Crown gall, of beet, 270; of carrot, 271 ; 
staining of organism, 127 

Cruciferae, susceptibility to Plasmodio- 
phora brassicae; 138 ; Thielavia on, 193 

Cryptosporella viticola, 121 

Cucurbitaceae, 138 

Culture, apparatus for low temperatures, 
106 ; chamber, 120 

Culturing of parasitic fungi on the 
living host, 197 

Cunningham, G. C., The comparative 
susceptibility of cruciferous plants to 
Plasmodiophora brassicae, 138; The 


relationship of Oospora scabies to the 
higher bacteria (abstract), 97 

Curly top, beets, 11 

Cuscuta americana, 7 

Cyanospora albicedrae, 14 

Cyclamen, disease of, 19 ; Thielavia on, 
Ig! 

Cydonia sinensis, 71; vulgaris, blotch 
of, 64 

Cylindrosporium, 68, 70; conservans, 
17 ; pomi 59, 63, 71, 72 

Cyperus tegetiformis, disease of, 14 

Cystopus, 46, 129, 198, 235; bliti, 200 ; 
candidus, culturing of, 200; portu- 
lacae, 200 

Cytospora, 57, 59, 61, 62, 265, 267, 268 ; 
cincta, 6 


Daines, Lyman, L., see Horne, Wm. T 
Damping-off, 16 ; use of fungicides for, 


99 

Dematium pullulans, 51, 57 

Dematophora necatrix, 7 

DeMeritt, Margaret, see Brooks, Charles 

Deschampsia caespitosa, 13 

Detection of inert ingredients of fungi- 
cides, 95 

Development of Gloeosporium malicor- 
ticis Cordley, 95 

Dewberry, ‘‘ double-blossom ’’ of, 6 

Diaporthe, 88, 113, 121; batatatis 124 ; 
oncostoma, 88; parasitica, 88, 97, 
100, 204-211, 261, 265% viticola, 88 

Diaporthe, the ascogenous form of sweet 
potato dry rot, 121 

Die back, peach, 6 

Dodder, 7 

Does Phytophthora infestans cause to- 
mato blight?, 250 

Does the potato scab organism survive 
passage through the digestive tract of 
domestic animals?, 146 

Dothiorella, 123 ; quercina, 97 

Double-blossom, dewberry, 6 

Douglas fir, see Pseudotsuga 

Draba androsacea, 142 

Dryopteris acrostichoides, 19 


Echinodontium tinctorium, 18, 78, 79 

Edgerton, C. W., Flower infection with 
cotton boll rots, 23, 98 

Edible smut, 93 

Emmer, see Triticum 

Endomyces mali, 5 

Endothia, 88, 207-212, 265, 267 ; gyrosa, 
89, 207, 265, 268; gyrosa var. para- 
sitica, 265, 268 ; parasitica, 210, 262; 
radicalis, 88, 89, 210-212, 261, 265, 267, 
268; virginiana, 204, 210, 261, 265 

Endothiella, 267 

End-rot, ginseng, 193; orange, 8 
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Epicoccum, 57, 59 

Erysimum aspernum, 141; cheranthoi- 
des, 141; parviflorum, 141; strictum, 
139, I41 

Erysiphe cichoracearum, 18, culturing 
of, 203; graminis, 81, 203 

Etiology of crown galls on sugar beet, 
270 

Euphorbia pulcherrima, 20 

Eutettix tenella, 11 

Evans, I,. H., see Wallace, Errett 

Exoascus filicinus, 19 


Factors governing germination and in- 
fection with Phytophthora infestans, 


Fagus, 266, 268; atropunicea, heart rot 
of, 75, 76 

Fawcett, H. S., The cause of stem-end 
rot of citrus fruits (Phomopsis citri 
n. sp. ), 10g 

Fern, disease of, 19 

Field, Ethel, C., see Harter, L. L. 

Field laboratory equipment, 172 

Fig, Glomerella on, 154, 155 

Fink, Bruce, A college course in plant 
pathology, 150 

Fir, see Abies 

Flats, for culture work, 198 

Floret sterility, wheat, 12 

Flower infection with cotton boll rots, 
23, 98 

Fomes annosus, I5 ; applanatus, 18, 75 ; 
76; earlei, 48; everhartii, 74, 75; 
fasciatus, 76; fraxinophilus, 75, 76; 
igniarius, 18, 75, 76; juniperinus, 48 ; 
laricis, 18, 78, 79; nigricans, 75; 
pinicola, 79 ; robinae, 76; roseus, 78 
texanus, 48 

Forest trees, see trees 

Fraxinus americana, 76; eanceolata, 
76; velutina, 76 

French, G. T., see Stewart, F. C. 

Fromme, F. D., Sexual fusionsin Ure- 
do lini (title), 94 

Fruit trees, cement dust injury to, 45 

Fulton, H. R., review by, 42 

Fungicides, 95, 99, see Bordeaux, lime- 
sulphur and sulphur 

Further study of some Gloeosporiums 
and their relation to a sweet pea 
disease, 153 

Fusarium, 5, 16, 46, 57, 182, 183; 
cubense, 7 ; putrefaciens, 5 ; rubi, 6 ; 
violae, 19 

Fusicoccum, 113, 123 ; viticolum, 123 

Fusisporium rubi, 6 


’ 


lv PHYTOPATHOLOGY 


Galls, cedar, 254 

Germination, of Phytophthora, 46; of 
uredospores, 47 

Giampietro, A. W., correction by, 176 

Gibellula suffulta, 135, 137 

Giddings, N. J., A practical and reli- 
able apparatus for culture work at 
low temperatures, 106 

and Neal, D. C., Control of apple 
rust by spraying, 255 

Ginseng, infection of, with Thielavia 
basicola, 191 ; ‘‘fiber-rot,’’ 193; root 
rot, 28 

Gladiolus, diseases of, 19 

Gleditsia triacanthos, heart rot of, 76 

Gloeosporium, 17, 153, 154, 155, 156, 
157, 159; aurantiorum, 230; citri, 
230; citricolum, 230, 231 ; depressum, 
230; divergens, 16; gallarum, 153, 
154, 155, 156, 159; hendersonii, 230; 
hesperidearum, 230;  hysterioides, 
230; intermedium, 230; intermedium 
var.subramulosum, 230 ; intermixtum, 
230; limetticolum, 229, 231, 232; 
malicorticis, 95; musarum, 154, 155, 
159; officinale, 153, 155, 156, 159; 
piperatum, 154, 155, 156; psidii, 7; 
spegazzinii, 230 231; sphaerelloides 
var. majus, 230; tenuisporium, 230 

Glomerella gossypii, 23, 98, 154-159; 
rufomaculans, 47-60, 98, 153-159, ac- 
tion of fungicides on, 95; rufoma- 
culans var. cyclaminis, 19 

Glyceria acutiflora, 13 ; septentrionalis, 


13 

Grape, mildew of, 236, 245 

Grape fruit, disease of, 8, 217 

Graves, Arthur, H., The chestnut bark 
disease in Massachusetts (abstract), 
99; Large leaf spot of chestnut and 
oak (abstract), 92 

Gregory, C. T., Spore germination and 
infection with Plasmopara viticola, 
235 

Guava, disease of, 7 

Guayale, disease of, 13 

Giissow, H. T., Silver leaf, a disease of 
fruit trees, (title), 95 

Gymnosporangium cornicularis, 5 exi- 
guum, 14; japonicum, 94; juniperae- 
virginianae, 253 ; trachysorum, [5 


Harding, H. A., The trend of investi- 
gation in plant pathology, 95, 161 

Harter, lL. , and Field, Ethel C., Dia- 
porthe, the ascogenous form of sweet 
potato dry rot, 121 
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Hartley, Carl, Disease of coniferous 
stock in western nurseries (title), 93; 
The use of fungicides to prevent 
damping-off (abstract), 99 

Hawaii, fungi of, 135 

Heald, F. D., Notes on new or little 
known plant diseases in North Ameri- 
ca for the year 1910, 5; The leaf spot 
of the pear, 127 

Hedgecock, George G., Notes on some 
western Uredineae which attack forest 
trees (abstract), 47; Notes on some 
diseases of trees in our national for- 
ests II, 73, 93; Winter killing and 
smelter injury in the forests of Mon- 
tana (abstract), 94; The Cronartium 
associated with Peridermium filamen- 
tosum Peck, 176 

and Long, H. H., Preliminary 
notes on three rots of juniper (ab- 
stract), 48 

Helianthus annuus, culturing Erysiphe 
on, 203; culturing Puccinia on, 201 

Helminthosporium gramineum, I1; sa- 
tivum, 11 

Hemlock, see Tsuga 

Hendersonia, 51, 182 

Hesperis matronalis, 141 

Heterodera radicicola, 138 

Heterosporium variabile, 10 

Hicoria, 15; aquatica, 76; pecan, 7 

Hofmann, Julius V., Aerial isolation and 
inoculation with Pythium debarya- 
num, 273 

Hop mildew, 9 

Hordeum, leaf spot, 11; mildew, 81, 
203; rust, 47; bulbosum, 81; juba- 
tum, 81; murinum, 81; secalinum, 
81; silvaticum, 81; vulgare, 81 

Hori, S., A new leaf rust of peach, 143 

Horne, Wm. T., Parker, Wm. B. and 
Daines, Lyman, L., The method of 
spreading of the olive knot disease, 
96, 101 

Humidity box, 199 

Humphrey, C. J., Some wood preserva- 
tives, with special reference to their 
toxic properties (title), 95 

Hydnum, 79 ; coralloides, 79 

Hydrophyllaceae, Thielavia on, 193 

Hypocreaceae, 13 


Iberus umbellata, 138 

Illosporium malifoliorum, 51 

Importance of sanitation in the control 
of certain plant diseases, 46 

Incense cedar, see Libocedrus 

Incubators, 106 

Infection experiments with the powdery 
mildew of wheat, 81 


Infection experiments with Thielavia 
basicola on ginseng, Ig! 

Ingram, Della, Preliminary notes on a 
twig blight of Quercus prinus (ab- 
stract), 96 

Inoculation experiments with fungi asso- 
ciated with apple leaf spot and canker, 
49 

Inonotus texanus, 75 

Insects, relation to olive knot, 
fumigation for flea beetles, 164 

Ipomoea batata, 124 

Isolation of pathogenic potato bacteria ; 
A question of priority, 213 

Istvanffi, G. Y. and Palinkas, Gy., In- 
fektionsversuche mit Peronospora, 
review of, 130 


103 


Jacewski, A. A., Diseases of plants, re- 
view of, 42 

Jackson, H. 
Gloeosporium 
(abstract), 95 

Johnson, Edward, C., Cardinal temper- 
atures for the germination of uredo- 
spores of cereal rusts (abstract), 47 

Johnson grass, 12 

Jones, L. R., The importance of sani- 
tation in the control of certain plant 
diseases (abstract!, 46; review by, 275 

Juglans, 268; californica, 74; cinerea, 
74, 75, 76; nigra, 74, 75, 76 ; rupestris, 


S., The development of 
malicorticis Cordley 


74 

Juniper, rots of, 48 

Juniperus, 18, 77, 78; chinensis, 94 ; 
horizontalis, 15; monosperma, 48, 
78 ; pachyphloea, 78 ; sabinoides, 14, 
48 ; scopulorum, 78 ; utahensis, 48, 78 ; 
virginiana, 15, 48; rust of, 253, 258 


Kale, see Brassica 

Kalmia, rust on, 93 
Kawakamia cyperi, 14 
Kearney, see McMurran, S. M. 
Knot, olive, 96, 101 

Kohl rabi, see Brassica 


Lachnella cinnabarina, 267 

Large leaf-spot of chestnut and oak, 92 

Larix, rust on, 94; laricina, 77, 78; 
lyalli, 78; occidentalis, 77, 78, 79, 215 

Lead benzoate, 45 

Leaf spot, of the pear, 127; apple, 49, 
181 ; chestnut and oak, 92 ; cyclamen, 
19; phlox, 20 

Legumes, nodules of, 161, 162; Thiela- 
via on, I9I, 193 

Lemon, disease of, 218-221, 232 

Lentinus lepideus, 79 

Lenzites sepiaria, 115 
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Lepideum apetalum, 141; campestre, 
I4I, 142; sativum, 142; virginicum, 
200 

Leptosphaeria lucilla, 127 

Lewis, C. E., Inoculation experiments 
with fungi associated with apple leaf- 
spot and canker, 49 

Libertella, 113 

Libocedrus decurrens, peckiness of, 14, 
18, 79; mistletoe on, 92 

Lightning, effect on trees, 93 

Lime, disease of, 217-225, 232 

Lime-sulphur, for apple leaf spot, 56, 
190; for apple rust, 258; for leaf 
rust of peach, 145; for olive knot, 
104; for potatoes, 45; on spores of 
Phytophthora, 46 

Link, G. K. K., see Wilcox, E. Mead 

Liquidambar, 267, 268; styraciflua, rot 
of, 76 

Liriodendron tulipifera, 76, 115, 118 

Lloyd, F. E., see Wolf, F. A. 

Lobularia maritima, 141 

Loculistroma bambusae, 13 

Long, William, H., Notes of three 
species of rusts on Andropogon, 164 ; 
see Hedgcock, George, G. 

Lophodermim nervisequum, 93 

Loranthus calyculatus, 7 

Lutman, B. F., The covering power of 
the precipitation membranes of 
Bordeaux mixture, 32, 47 


Macbridella olivacea, 19 

McMurran, S. M., A _ new internal 
Sterigmatocystis rot of pomegranates, 
125 

Macrophoma phoradendri, 16 

Macrosporium, 51, 57 

Magnolia foetida, rot of, 76 

Malnutrition diseases, 10, II 

Malvaceae, Thielavia on, 193 

Mangels, culturing Cercospora on, 202 

Manihot, oedema on, 131; glaziovii, 
131; heptaphylla, 131; pianhyensis, 
131 

Manure, potato scab in, 148 

Maple, see Acer 

Marssonia castagnei, 15 

Matthiola bicornia, 142 ; incana, 138 

May-apple, Gloeosporium on, 153-159 

Meinicke, E. P., Parasitism of Phora- 
dendron juniperinum libocedri (ab- 
stract), 92; review by, 178 

Melampsora bigelowii, 94 

Melhus, I. E., The factors governing 
germination and infection with Phy- 
tophthora infestans (abstract), 46; 
Culturing of parasitic fungi on the 
living host, 197; Experiments on 
spore germination and infection in 


certain species of Oomycetes, review 
of, 129 

Melogramima, 210 

Mesquite, rot of, 74, 75 

Metcalf, Haven, Further notes on the 
chestnut bark disease (title), 97 

Method of spreading of the olive knot 
disease, 96, 101 

Miami University, pathology course in, 
150 

Micrococcus phytophthorus, 213, 214 

Mildew, powdery, of wheat, $1 

Mistletoe, 6, 7, 16, 17, 18, 92 

Monochaetia desmazierii, 92 

Morse, W. J., Does the potato scab or- 
ganism survive passage through the 
digestive tract of domestic animals? 
146; Control of the blackleg disease 
of the potato (abstract), 92 

Morus, bacterial blight of, 16, 175 ; alba, 
76; rubra, 76 

Mountain ash, see Sorbus 

Mulberry, see Morus 

Miller-Thurgau, Infektion der Wein- 
rebe durch Plasmopara viticola, re- 
view of, 130 

Mushrooms, disease of, 9 

Muskmelon, rot of, 9 

Mustard, see Brassica, Conringia, Ery- 
simum and Sisymbrium 

Mycobacteriaceae, 97 

Mycogene perniciosa, 9 

Mycosphaerella sentina, 127 

Myxosporium, 113; acerinum, 93 ; cor- 
ticolum, 56-62 


Nasturtium, mildew on, 19 

Neal, D. C., see Giddings, N. J. 

Nectria, 16, 211, 265 

Nectrioideae, 112 

Nematodes, 138 

Neofabrea malicorticis, 95 

Neslia paniculata, 140 

New form of pure culture chamber, 120 

New fungus on the apple, 263 

New fungus concerned in wither tip of 
varieties of Citrus medica, 217 

New internal Sterigmatocystis rot of 
pomegranates, 125 

New leaf rust of peach, 143 

New method in bacterial research, 214 

North America, plant diseases, 1910, 5 

Notes on Hawaiian fungi I. Gibellula 
suffulta n. sp., 135 

Notes on new or little known plant 
diseases in North America for the 
year 1910, 5 

Notes on some diseases of trees in our 
national forests, 73, 93 

Notes on some heteroecious rusts of 
Connecticut, 94 
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Notes on some western Uredineae which 
attack forest trees, 47 

Notes on three species of rusts on 
Andropogon, 164 

Notes upon Cronartium ribicolum, 47 

Notes upon tree diseases in the eastern 
states, 93 

Nursery inspection, 216 


Oak, see Quercus 

Oats, see Avena 

Observations on the deterioration and 
utilization of fire-killed timber in the 
northwest, 46 

Oedema on manihot, 131 

O’Gara, P. J., Urophlyctis alfalfae, a 
fungus disease of alfalfa occurring in 
Oregon ; first account of its occurrence 
in the state (title), 99 

Ohio, plant disease exhibits i in, 44 

Olive, knot, 96, ror 

Onion, bacterial rot of, 176 

Oospora scabies, relation of, to higher 
bacteria, 97, 146 

Oospores, of Plasmopara, 235 

Orange, diseases of, 7, 8, 111, 112, 217- 
222 

Orton, Clayton R., Correlation between 
certain species of Puccinia and Uro- 
myces (abstract), 45 

Orton, W. A., The potato Fusarium situ- 
ation in Europe and America (title), 


93 
Osage orange, see Toxylon 
Ostrya virginiana, rot of, 75 


Oxalidaceae, rusts on, 171; Thielavia 
on, 193 

Oxalis corniculata, rust on, 164, 168, 
169, 171 

Paeony, disease of, 19 


Palm, disease of, 1 

Panax quinquefolium, 31 

Pansy, see Viola 

Parasitic fungi, culturing on living 
host, 197 ; relation to host, 98 

Parasitism of Phoradendron juniperi- 
num libocedri (abstract), 92. 

Parker, Wm. B., see Horne, Wm. T. 

Parthenium argentatum, rust on, 13 

Paspalum dilatatum, 13; laeve, 13 

Pathology, plant, college course in, 
150; investigation in, 161; compari- 
son with animal pathology, 162; use 
of autochrome plate in, 98 

Patterson, Flora W., An edible smut 


(abstract), 93 
Pea, Thielavia, on, 191 
Peach, diseases of, 6; leaf rust, 143 
Pear, inoculation with Gloeosporiums, 
153 ; disease of, 127, 264 


Vii 


Peckiness, 14, 79 

Penstemon, rust on, 170 

Peridermium, 47; cerebrum, 94; fila- 
mentosum, 47, Cronartium associated 
with, 176; fructigenum, 15, 93; 
harknessii, 47; montanum, 47; 
peckii, 15, 94 ; pseudobalsameum, 47 ; 
pryiforme, 17, 94 ; stalactiforme, 177 ; 
strobi, 17, 47, 94 

Peronospora, 130 ; effusa, 10 ; parasitica, 
culturing of, 200 

Peronosporales, 235, 
recent work on, 129 

Pestalozzia, 51, 182 

Peziza cinnabarina, 267, 268; flammea, 
267 

Phlox, disease of, 20 

Phlyctaena, 18 

Phoma, 113, 121, 122; cabbage wilt, 8, 
46 ; quince blotch, imperfect stage of, 
68 ; vinca wilt, 20; batatae, 121, 123, 
124; mali, 5, 51 62 Fin oleracea, 9 ; 
piceina, 93 ; pomi, 71, 

Phomopsis, 112, I13, bal 123, 264; 
ambigua, 264; citri,109, 113; mali, 
264 ; stewartii, 18 

Phoradendron, 18; flavescens, 6, 16: 
juniperinum libocedri, 92 

Phyllostachys, 13 

Phyllosticta limitata, 50-62, 181; 
percula, 17 ; pirina, 50, 181; 


240; review of 


pau- 
subtilis, 


15 
Phytophthora, 14; infestans, cause of 
tomato ‘blight, 250; germination of, 
46, oospores of, 10 ; omnivora, 252 
Picea, defoliation of, 93; canadensis, 
76, 273; engelmanni, 76, 77, 78, 79; 
mariana, 77; rubens, 77; sitchensis, 
77, 78 
Pineapple, rot of, 8 
Pinus, damping- off, 16; 
18; albicaulis, 78; aristata, 78; ari- 
zonica, 78; austriaca, 17, 94; con- 
torta, 77; 78, 79; div aricata, 78; 
echinata, 77, 78; edulis, 77; flexilis, 
77, 78; jeffreyi, 79; lambertiana, 77, 
78; maritima, 17, 94; monticola, 77, 
78, 79; murrayana, 78; palustris, 77, 
78; ponderosa, 77, 78, 79, 94, 273; 
resinosa, 77, 78; rigida, 77; strobi- 
formis, 77, 78; strobus, 17, 47, 77, 78, 
94 ; taeda, 15, 77, 78; virginiana, 77, 78 
Plant disease exhibits in Ohio, 44 
Plant diseases, in North America, 1910, 
5; importance of sanitation in, 46 
Plant pathology, see pathology 
Plasmodiophora brassicae, 46 ; suscepti- 
bility of crucifers to, 138 
Plasmopara_viticola, ‘46: germination 
and infection with, 235 
Platanus occidentalis, rot of, 76 


mistletoe on, 
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Plum, disease of, 6 

Poinsettia, disease of, 20 

Polygonacee, 138 

Polyporus adustus, 116; amarus, 14, 79; 
dryophilus, 18, 73, 74; libocedrus, 14 ; 
obtusus, 18; schweinitzii, 18, 76, 77, 
78, 80, sulphureus, 18, 76, 79; texa- 
nus, 75. 

Polytictus hirsutus, 16 ; versicolor, 114- 
11g 

Pomegranate, Sterigmatocystis, rot of, 
125 

Pomelo, disease of, 218-222 

Populus, 15; acuminata, 76; augusti- 
folia, 76; balsamifera, 75, 76; del- 
toides, 76, 154, 155, 156, 159; grandi- 
dentata, 75, 76; tremuloides, 75, 76; 
trichocarpa, 75, 76 

Portulaca oleracea, culturing Cystopus 
on, 200 

Posts, catalpa, decay of, 116 

Potato, bacteria, priority of isolation, 
213; blackleg, 92; Phytophthora 
blight of, 250; scab, 11, effect of 
animal digestion on, 146 ; sprays for, 
45; sulphurinjury, 10; wart disease, 9 

Potter, Alden A. Ustilagineae on An- 


dropogon sorghum in America (ab- . 


stract), 95 

Powdery mildew of wheat, infection 
with, 

Practical and reliable apparatus for 
culture work at low temperature, 106 

Preliminary notes on three rots of Juni- 
per, 48 

Preliminary notes on a twig blight of 
Quercus prinus, 96 

Primulaceae, Thielavia on, 193 

Prosopis juliflora, rot of, 74, 75 

Prunus americana var. ansu, 143; buer- 
geriana, 143; grayana, 143; mume, 
143, 145; persica var. vulgaris, 144 ; 
simonii, 6 

Pseudomonas medicaginis, 12 

Pseudoperonospora celtidis,,var. hu- 
muli, 9 

Pseudopeziza ribis, 95 

Pseudotsuga taxifolia, Botrytis on, 215 ; 
mistletoe on, 18; rot of, 76, 77, 78, 79 

Puccinia, 143, 144; correlation with 
Uromyces, 48; ceanothi, 13 ; cerasi, 
143; cesatii, 13; coronata, 47, 201; 
cyani,18 ; deschampsiae, 13 ; ellisiana, 
164-170 ; graminis, 12, 47, 202; heli- 
anthi, 201, 203; parthenii, 14; porri, 
9 ; pruni, 143 ; pruni-persicae, 144 : 
pruni-spinosae, 143, 145 ; rubigo-vera, 
47 ; Sagittata, 167 ; sorghi, 202 ; sub- 
nitens, 48 ; violae, 168, 169 

Pucciniastrum arcticum var. ameri- 
canum, 94; myrtilli, aecial stage of, 
15, 94 


Pyrus malus, 76, 264; rivularis, 76 

Pythiacystis citrophthora, 8 ; 

Pythium debaryanum, 99 ; isolation and 
inoculation with, 273 


Quercus, 73, 265-268; culturing Dia- 
porthe on, 205; leaf spot, 92; rust 
on, 94; agrifolia, 268; alba, 16, 74, 
76 ; 268, 269, arizonica, 74 ; californica, 
74, 76; chrysolepis, 76 ; coccinea, 74, 
76; digitata, 74; emoryii, 74, 76; 
gambelii, 74, 76; garryana, 75, 76; 
imbricaria, 74 ; lobata, 74, 76 ;lyrata, 
74 ; macrocarpa, 74, 76; marilandica, 
74, 75; michauxii, 74; minor, 74; 
nigra, 74 ; oblongifolia, 74 ; palustris, 
74, 76; phellos, 16, 74; platanoides, 
76: prinus, 74, 75, twig blight of, 96 ; 
rubra, 74, 75, 76, 92, 268, 269; tex- 
ana, 74, 75; toumeyii, 74; undulata, 
74;  velutina, 74, 261, 268, 269 ; 
virginiana, 74, 75; wislizeni, 74, 
6 

atoeks fruit blotch of, 63 

Radish, see Raphanus _ 

Rankin, W. Howard, Sclerotinia pana- 
cis sp. nov. the cause of a root 
rot of ginseng, 28 ; The chestnut tree 
canker disease (abstract), 99 

Rape, see Brassica 

Raphanus, 141 ; culturing Cystopus on, 
200 ; Pythium on 273 ; root disease of, 
96, caudatus, 129; sativus, 129, 1338, 
I4I, 142 

Raspberry, root rot of, 6 

Ravn, F. Koelpin, Methods of control 
of plant diseases in North America, 
review of, 178 

Razoumofskya, 17, 18; douglasii, 15 

Red cedar, see Juniperus 

Reddick, Donald, Field laboratory 
equipment, 172 

Red rot, sugar cane, It 

Reed, George M., Infection experi- 
ments with the powdery mildew of 
wheat, 81; The effect of heavy inocu- 
lation with conidia of the wheat mil- 
dew upon mildew-resistant emmers 
title 

S., Does Phytophthora 
infestans cause tomato blight ?, 250 

Refrigerator, 199 

Relation of certain parasitic fungi to 
the age and development of the host 
plant, 98 ; 

Relationship of Oospora scabies to the 
higher bacteria, 97 

Relative merits of lime sulphur, lead 
benzoate and Bordeaux mixture for 
spraying potatoes, 45 

Rhizoctonia, 31 

Rhododendron, rust on, 93 
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INDEX ix 


Rhysotheca viticola, 130 

Ribes, rust on, 17, 47 

Roberts, John W., A new fungus on the 
apple, 263 

Robinia neo-mexicana, 76; pseudaca- 
cia, 76 

Root and culm infections of wheat by 
soil fungi in North America, 90 

Root rot, ginseng, 25; trees and shrubs, 
6, 15, 77- 

Rosenbaum, J., Infection experiments 
with Thielavia basicola on ginseng, 
1gI 

Rubber tree, disease of, 14 

Rumbold, Caroline, Summer and fall 
observations on the growth of the 
chestnut bark disease in Pennsyl- 
vania (abstract), 100 

Rusts, see Uredineae 

Rutabaga, see Brassica 

Rye, see Secale 


Sabina sabinoides, disease of, 14 

Salix, 76; bebbiana, 75; lasiandra, 75 ; 
nuttallii, 75 ; scouleriana, 17 

Salsola tragus, Pythium on, 273 

Sanitation, importance of in control of 
plant diseases, 46 

Santalaceae, rusts on, 171 

Saprolegniaceae, 96, 236 


Scab, citrus, 223; potato, effect of ani-™ 


Smelter injury, forest trees, 94 

Smith, Erwin F., Woronin, 1; The 
staining of Bact. tumefaciens in tissue, 
127; Bacterial mulberry blight, 175 ; 
Bacillus coli, a cause of plant disease, 
175: Isolation of pathogenic potato 
bacteria : a question of priority, 213 ; 
A new method in bacterial research, 
214 ; Etiology of crown galls on sugar 
beet, 270 ; The structure and develop- 
ment of crown gall: A plant cancer, 
review of, 275 i 

Smuts, 93; sorghum, 98 

Snowberry, see Symphoricarpos 

Soil fungi, go 

Solanaceae, 10 

Some notes on Sphaeropsis malorum, 


94 

Some observations on experiments with 
the chestnut bark disease, 97 

Sorbus, disease of, 16 

Sorghum, anthracnose, 12; smut, 98 

Spaulding, Perley, Notes upon Cronar- 
tium ribicola (abstract), 47; Notes 
upon tree diseases in the eastern 
states (abstract), 93 

Speare, Alden T., Notes on Hawaiian 
fungi, I ; Gibellula suffulta n. sp., 135 


Sphacélotheca cruenta, 98 ; reiliana, 98; 
Wsorg 11, 98... 
‘Sphaeria, 266; enteromela, 267 ; fluens, 


mal digestion on, 146; gladiolus, 19+ egim2; gyrosa, 89, 207-211, 265-268 ; 


Schiff’s olive organism, 215 rm 

Schizophyllum commune, 115-119 

Sclerotinia fructigena, action of fungi- 
cides on, 95; pamacis, 30; smili- 
cinae, 31; tuberosa, 31 

Sclerotinia panacis sp. nov., the cause 
of a root rot of ginseng, 28 

Sclerotium paspali, 13 

Scolecospores, 110, 121, 263 

Scrofulariaceae, rusts on, 171 ; Thiela- 
via on, 193 

Secale, mildew on, 81, 203 

Sedge, disease of, 14 

Selby, A. D., Plant disease exhibits in 
Ohio (abstract), 44 

Senecio, Thielavia on, 191 

Septoria aceris-macrophylli, 15 ; angus- 
tissima, 16 ; lycopersici, 252 ; pisi, 46 ; 
pyricola, 127 ; samarae, 15 

Serious root disease of radish, 96 

Service berry, see Amelanchier 

Shear, C. L., The chestuut bark fungus, 
Diaporthe parasitica, 88; The chest- 
nut blight fungus, 211 

Shepherds purse, see Capsella 

Silver scurf, orange, 8 

Simmons bill, 216 

Sisymbrium altissimum, 141; austria- 
cum, 139; officinale, 138; strictissi- 
mum, 139 


dicalis, 207-212, 265-268 

Sphaeronema, 113 

Sphaeropsis malorum, 5, 50-62, 94, 18I- 
190 

Sphaerotheca humuli, 85 

Spider, fungus on, 135 ; on sweet pea, 
157 

Spinach, leaf mold, 10; malnutrition 
diseases, 10, II 

Spirostachys occidentalis, rust on, 17 

Spisar, Karl, Ueber die Bildung des 
Zuckerriiben Kropfes, critique of, 270 

Spore germination and infection with 
Plasmopara viticola, 235 

Sprays, 46, 161 ; for apple diseases, 71, 

190, 253, 258; for olive knot, 104; 

for peach leaf rust, 145 ; for potato, 


45; for quince blotch, 71, see 
Bordeaux, fungicides and _lime- 
sulphur 


Staining of Bacterium tumefaciens in 
tissue, 127 

Stains, bacterial, 214 

Stem-end rot, citrus fruits, 8, 109 

Stemphylium citri, 8; tritici, 12 

Stereum albobadium, 116 

Sterigmatocystis, 135; 
pomegranates, 125 

Stevens, Neil E., Wood rots of the 
hardy catalpa, 114 


castanea, on 
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Stewart, F. C. and French, G. T., Rela- 
tive merits of lime-sulphur, lead ben- 
zoate and Bordeaux mixture for spray- 
ing potatoes (abstract), 45 

Stock, see Matthiola 

Streptothrix, 97, 146 

Stylospores, 121, 122, 123 

Sugar beet, see beet 

Sugar cane, red rot of, 11 

Sulphur, for apple rust, 258; injury, 
potato 10 

Sulfuric acid, as a fungicide, 99 

Sumac, culturing Diaporthe on, 206 

Summer and fall observations on the 
growth of the chestnut bark disease 
in Pennsylvania, 100 

Sunflower, see Helianthus 

Sun-scald, peach, 6 

Sweet fern, 17 

Sweet pea, disease, relation of Gloeo- 
sporiums to, 153; Thielavia on, 192 

Sweet potato, ascogenous form of dry 
rot fungus, 121 

Symphoricarpos racemosus, disease of, 

7 

Synchytrium, 1o 

Tangerines, disease of, 8, 218, 220, 222 

Taubenhaus, J. J., A further study of 
some Gloeosporiums and their rela- 
tion to a sweet pea disease, 153; see 
Cook, Mel. T. 

Taxus brevifolia, rot of, 78 

Tetranychus bimaculatus, on sweet pea, 


157 

Thielavia basicola, infection on ginseng, 
Ig! 

Thielaviopsis paradoxa, 8 

Thlaspi arvensis, 139, 140 

Thuya plicata, rot of, 77, 78, 79 

Tilia americana, rot of, 76 

Tillandsia recurvata, 7 

Timber, fire killed, deterioration of, 46 

Tobacco, Thielavia on, 192 

Tomato, bacterial disease of, 10 ; Phyto- 
pathora blight of, 250 

Townsend, C. O., Some limiting factors 
in the control of sugar beet diseases, 
(title), 47 

Toxylon pomiferum, disease of, 16 

Trametes pini, 18, 77, 79 

Trees, forest, diseases of, 14, 16, 46, 47. 
48, 73, 91, 93, 94, 96, 97, 99, 100, 128, 
176, 204, 213, 215, 261, 265 

Trend of investigation in plant pathol- 
ogy, 161 

Tripsacum dactyloides, 13 

Triticum, floret sterility of, 12 ; mildew 

on, 81, 83, 203; root and culm in- 
fection of by soil fungi, 90; rust on, 
47, 202; compactum and _ varieties, 
82; dicoccum and varieties, 81-85; 


durum and varieties, 82 ; monoccum, 
82, 84; polonicum and varieties, 82; 
spelta and varieties, 82 ; tumonia, 82 ; 
turgidum and varieties, 82; vulgare 
and varieties, 83, 84, 85 

Trochila populorum, 15 

Tropaeolum majus, 19 

Tsuga canadensis, 15, 76, 77; hetero- 
phylla, 76, 77, 78, 79, 215: merten- 
siana, 77, 78 

Tubercularia velutipes, 266 

Turnip, see Brassica 


Ulmus, 268; americana, 75 ; racemosa, 75 

Umbelliferae, 138 

Umbellularia californica, rot of, 76 

Uredineae, Connecticut, 94; correlation 
Puccinia and Uromyces, 48 ; cultur- 
ing Puccinia, 201, 202; on Andropo- 
gon, 13, 164; on apple and cedar, 
253, 258; on Castilleja, 176; on 
forest trees, 14, 15, 17, 47, 94; on Gly- 
ceriaand Deschampsia, 13 ; on Parthe- 
nium, 14; on peach, 143; on Rhodo- 
dendron and Kalmia. 93; on Vio- 
laceae, 164; on wheat, 12; on white 
pine, 17, 47. 

Uredo parthenii, 14; spirostachydis, 17 

Uredospores, germination of, 47 

Uromyces, correlation with Puccinia, 
48; validity of genus, 168 ; andropo- 
gonis, 20, 164-170; coluteae 14; ge- 
nistae-tinctoriae, 14; glyceriae, 13; 
peckianus, 48; pedatata, 20, 167 ; 
poae, 13 

Use of the autochrome plate method in 
plant pathology, 95 

Use of fungicides to prevent damping- 
off, 99 

Ustilagineae on Andropogon sorghum 
(1,) in America, 98 

Ustilago cruenta, 98 ; esculenta, 93 


Valsa leucostoma, 6, 61 

Vitis, 268 

Valsonectria, 88 

Venturia pyrina, 127 

Verrucosis, citrus, 224 

Verticillium, 19 

Vinca major, wilt of, 20 

Viola cucullata, 165-169 ; fimbriatula, 
164-170 ; hirsutula, 165 ; papilionacea, 
164-170; pedata, 165-167; primuli- 
folia, 164-170; sagittata, 164-170; 
sororia, 166-170; tricolor, disease of, 
19 

Violaceae, rusts on 164, 171; Thielavia 
on, 192, 193 

Viscum album, 92 
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Wallace, Errett, Apple scab infection as 
correlated with maturity of ascospores, 
weather conditions, and development 
of fruit buds (abstract), 94 

and Evans, L. H., The detec- 
tion of inert ingredients of fungicides 
(abstract), 95 

Walnut, see Juglans 

Wart disease, potato, 9 

Weir, Jas. R., Observations on the de- 
terioration and utilization of fire- 
killed timber in the northwest (ab- 
stract), 46; A Botrytis on conifers in 
the northwest, 215 

Wheat, see Triticum 

Wilcox, E. Mead and Link, G. K.-+K., 
A new form of pure culture chamber, 
120 


Willow, see Salix 

Wilson, Guy West, review by, 129 

Winter killing and smelter injury in 
the forests of Montana, 94 

Witches broom, 6 ; bamboo, 13 

Wither tip, citrus, 217 

Wolf, F. A. and Lloyd, F. E., Oedema 
on manihot, 131 

Wood rots of the hardy catalpa, 114 

Woronin, Life of, 1 


Xanthoxylum, rot of, 75 


Zizania latifolia, 93 
Zythia versoniana, 112 
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UNIFORM, DEPENDABLE, FREE FROM SEDIMENT, 
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Omaha, Nebr. (825) Rochester, N. Y. 
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our expense by addressing 


THE REX COMPANY, 


P. O. Box 712. Rochester, N. Y. 


q 
{ 
4 
- 
Be 
q 
4 
> 
j 
# 
} 


ATOMIC SULPHUR 


Pure Sulphur in the form of a Paste 
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Sulphur 


US paT 


Solution 


A reliable insecticide. Successfully used in all the large fruit 
growing sections. 


Grasselli Lime Sulphur Solution 


For control of San Jose Scale, Oyster Shell Scale, and all scale 
or sucking insects. 

Also an efficient Fungicide. 

It has been found especially satisfactory as a substitute for 
Bordeaux Mixture to control Fungous Diseases of Apples and Pears. 


Grasselli Bordeaux Mixture Paste, Powdered 
rellabie fungicide. 
Grasselli Bordeaux Lead Arsenate Mixture 


Paste, Powdered 


A combined fungicide and insecticide. 
We can also furnish a high grade Copper Sulphate (Blue Vitriol). 


Grasselli Spray Products 


Are guaranteed to comply with the Insecticide Act of 1910. 


THE GRASSELLI CHEMICAL COMPANY 
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Main Offices, - - Cleveland, Ohio 
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This Kills Mildew 


EVERY TIME 


FoR PARTICULARS ADDRESS 


Benjamin Dorrance 


ROSE GROWER 


3 Dorrance Farm Dorranceton, Penn’a 


Ate 


Transparent Celluloid 


in sheets, for passepartout, photos 
or specimens for exhibition 


The sample mounts shown by Professor A. D. Selby at the 
Washington meeting and described on page 45 
of this volume are protected with 


Transparent Celluloid 
Light Durable Nonbreakable 


We can quote you lowest prices with 
prompt shipment from our Toledo stock. 


We also handle the following : 


Waterproof Cloth Webbing Cotton Fabrics 
Rubber Cloth Burlap plain and 
Buckram Wiping Cloth finished 


Tell your friendsfabout TRANSPARENT CELLULOID 


Landers Brothers Co. Box 611, Toledo, Ohic 
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